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ABSTRACT 
Isokinetic evaluation is frequently used to assess 
muscular strength, power, and endurance of athletes among 
different sports. It provides the researchers with a quan-
tifiable written record or profiles of athletes. Profiles 
have been developed for many athletic groups and the results 
indicated that there were many characteristics and quanti-
fiable musculoskeletal differences between athletes among 
different sports. Most of these studies were done on ath-
letes of western countries. Similar isokinetic data for 
South East Asian athletes were scarce. This project aim at 
investigating the muscular characteristics, measured isoki-
netically, of the elite male athletes in different sports in 
Hong Kong. The hypothesis was "The muscular characteristics 
of elite Hong Kong male athletes measured isokinetically are 
different among athletes of different sports•“ 
The national team members of Hong Kong from seven 
sports teams, (badminton, gymnastics, soccer, swimming, 
distance running, cycling and wheelchair racing) and 30 
normal young adults were tested on the Cybex 11+ Dynamome-
ter. The normal young adults did five movement tests. The 
movement tests included knee extension and flexion, ankle 
plantar and dorsi-f1exion, shoulder extension and flexion, 
shoulder horizontal abduction and adduction, and elbow 
extension and flexion. The athlete groups did one to three 
movements to test their muscle groups that are mainly in-
volved in their specific sport activities. Parameters to be 
investigated included the peak torque, total work, average 
power, peak torque acceleration energy, endurance ratio, and 
antagonist to agonist peak torque ratio and work ratio. The 
isokinetic muscular characteristics of the athletes were 
compared sport by sport and with the control group to con-
firm the muscular differences between athletes among differ-
ent sports. 
Results showed that the sport groups generated statis-
tical ly significant higher isokinetic test results than the 
control group in the upper limb test (p<0.05). In the knee 
muscle test, only certain sports (e.g. cycling) generated 
significantly higher result than control group (p<0.05), 
while soccer and gymnastics groups scored similar test 
results in comparison with control group. Different sport 
groups generated significant different Cybex results, espe-
cially in the measure of antagonist/agonist muscles peak 
torque and work ratios. Distance running group scored the 
highest result in hamstring/quadriceps peak torque ratio, 
while gymnastics was the highest in dosiflexors/plantar 
flexors peak torque ratio results. Some sports (e.g. cy-
cling, distance running and swimming) generated higher 
scores than the athletes from other countries. 
The test results positively support the hypothesis of 
this project that the muscular characteristics of elite Hong 
Kong male athletes among different sports, measured isoki-
netically, were different. The Cybex results generated by 
different athletes correlated we 11 with the demand for 
muscle performance in their sports and general life activi-
ties. Therefore, specific weight training for the athletes 
to build them up to the specific physical requirements for 
different sports is important for the training of elite ath-
letes in Hong Kong. 
I. INTRODUCTION 
1.1 GENERAL INTRODUCTION 
… A t h l e t e s participating in different sports and 
specializing in different events or positions in a 
single sport, vary in body size and physique. As 
muscular strength is one of the major factors influenc-
ing the performance of sports activities, suitable 
muscular torque values isokinetically measured for the 
athletic competition should be a major concern in the 
evaluation of athletes of all kinds. 
The above statement has been verified by many 
researchers. Then what are the isokinetic muscular 
characteristics of Hong Kong elite athletes specific to 
their own sport? The main purpose of this project was 
to investigate whether the muscular characteristics of 
athletes measured isokinetically were different among 
the sports. 
1.2 BACKGROUND INFORMATION 
1.2.1 MUSCLE CHARACTERISTICS 
1.2.1.1 Muscle strength 
The movements of human body depend upon 
forces of the skeletal muscles, with some 
seven hundred or so different muscles working 
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in groups to provide all the complexity of 
movement available to the human being. The 
basic unit of a skeletal muscle is a cy1in-
drical shaped bundle of cells called a fiber. 
. . . � 
The force generated by a muscle group 
can be termed muscular strength. The impor-
tance of strength in athletics is not always 
obvious. However, in an activity such as 
shot-putting, the need for maximum power is 
apparent. Power is the rate of doing work 
(producing work). Therefore, power is the 
result of two factors : 1) strength to pro-
duce the force and 2) speed to increase the 
rate at which the force can be applied. In 
other words, athletes can improve power by 
increasing strength or increasing speed of 
movement. Behm (1) stated that strength gains 
in strength training should result in im-
proved performance. Increased strength trans-
lates into greater forces exerted. There is 
higher thigh muscle strength in upper divi-
sion soccer players than in lower division 
players and, in general, soccer players are 
stronger than non-players of the same age 
(2). Furthermore, strength is thought to be 
important in the prevention of injury (3). 
Muscular strength is also one of the 
2 
most important physical qualities which 
greatly influences both the speed of execu-
tion of movements and activities that require 
stamina. 
1.2.1.2 Musele speed of contraction 
Speed of movement is very important in 
athletics, but muscles differ in their abili-
ty to produce fast movement； this is reflect-
ed by the difference in their make-up with 
respect to proportions of fast twitch (FT) 
and slow twitch (ST) fibers. The maximum 
speed of contraction is also limited by 
neuromuscular co-ordination. Moreover, there 
is evidence (4) to indicate a strong rela-
tionship between gain in strength and gain in 
speed. If movements are resisted by substan-
tial loads on a tested limb, a sizable rela-
tionship between strength and speed (up to 
r=0.76) can be demonstrated (5). Hebert A. 
deVries (6) states that training which merely 
improve the strength of the involved muscles 
will improve the speed of movement also. 
1.2.1.3 Muscle endurance 
Muscle endurance is the ability to 
persist in physical activity and to resist 
3 
muscular fatigue (6). The quality of main-
taining a strenuous level of activity in a 
limited part of the body is important for 
certain sports, e.g. gymnastics. There is a 
• •• I . 
relationship of muscular endurance to the 
magnitude of the load imposed upon the 
muscle (6). The load is designated in terms 
of maximum voluntary contraction (7). There-
fore ,strength factor is important in deter-
mining the local muscular endurance. It is 
obvious that if a load of 20 kg were used for 
a very strong subject, the load wimld be 
light, and the duration might be longer than 
for a weak subject. 
The three muscular characteristics listed above 
are important in influencing the performance of sports 
activities and also are interrelated. Since different 
skills necessitate specific muscular involvement, 
torque stresses which an athlete can safely tolerate 
may differ from sport to sport. Therefore, the attain-
ment of appropriate muscular strength, endurance and 
power value for athletic competition should be a major 
concern in the evaluation of athletes of any kind. 
1-2.2 MUSCLE CHARACTERISTICS EVALUATION 
1.2.2.1 Method of evaluation 
For the evaluation of elite athletes, 
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accurate measurement of these muscular char-
acteristics is very important. Muscular 
characteristics are traditionally measured by 
… three different methods. All three methods 
determine the amount of external load that is 
overcome as the muscle attempts to contract 
against resistance. During isotonic muscle 
testing, the muscle acts against a constant 
work load and the maximal muscle demand 
occurs during only a small portion of the 
range of motion. In isometric strength test-
ing, the muscle acts against an immovable 
resistance (8). In recent years, measurement 
of strength under conditions of constant 
velocity muscular contraction (isokinetic 
contraction) has become popular (9). The 
isokinetic method has unique advantage in 
testing various aspects of muscle perform-
ance. By control ling velocity, isokinetic 
exercise allows maximum resistance through 
the entire range of motion by constantly 
accommodating to the variation in muscle 
force output. Because of the control of 
speed and resistance with isokinetic evalua-
tion* an objective measurement of the muscu-
lar characteristics can be obtained. More-
over, several studies have been done to test 
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the reliability and validity of the isokinet-
ic device in measuring torque, work and power 
(10, 11, 12, 13). All of these studies 
indicate that technical accuracy and re 1i-
ability of isokinetic device is very high. 
1.2.2.2 Sports specific musele characteristics 
Sapega et al (14) stated that studies 
done at the Institute of Sports Medicine and 
Athletic Trauma repeatedly indicated that 
there were many characteristics and quanti-
fiable musculoskeletal differences between 
athletes of different sports. Li et al (15) 
found that strength and endurance capabi1i-
ties of quadriceps and hamstring muscles were 
different between athletes and they commented 
that these were due to training in different 
events. When investigating elite adolescent 
female track and field athletes, Housh et al 
(16) found that absolute leg extension and 
flexion strength of throwers were stronger 
than those of middle-distance runners, 
sprinters and jumpers. Gerard et al (17) 
noted that, within the same sport (swimming), 
leg power and strength measured isokinetical-
ly were different among athletes of different 
events. Long distance swimmers scored the 
lowest leg extension torque while short dis-
6 
tance swimmers scored the highest. Further-
more , i n different positions within the same 
sport (baseball), such quantifiable musculo~ 
skeletal differences can be found also. 
Pitchers generated significantly greater mean 
peak and mean average torque than did the 
position players bilaterally for shoulder 
rotation. They were tested at 180 deg/sec, 
240 deg/sec and 300 deg/sec isokinetically 
(18). Johansson et al (19) conclude that 
local muscle adaptations, measured isokineti-
cally, occurs in quadriceps as a result of 
ordinary training and games in elite ice 
hockey players. 
Isokinetic muscle characteristics are 
highly related to performance in different 
sports. Poulrnedis et al (20) found that the 
relative isokinetic torque of the lower 
extremity measured at slow speed (30 deg/sec) 
appeared to be a good predictor of the soccer 
ball velocity. Pedegana et al (21) suggested 
that isokinetically measured strength during 
elbow extension and wrist extension movements 
had a significant relationship with throwing 
speed of professional baseball players. Cisar 
et al (22) stated that isokinetic peak torque 
of elbow extension and flexion and knee 
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extension and flexion measured at 30 deg/sec 
and 180 deg/sec were a fairly sensitive 
predictor of wrestling success in highly 
� skilled and novice wrestlers. 
1.3 RESEARCH HYPOTHESIS 
The majority of the above studies were done on 
the athletes of western countries and concerned move-
ments of the knee and shoulder； usually only muscular 
peak torques were studied. Isokinetic test data for 
South East Asian are scarce, especially for the move-
ments of elbow and ankle. Moreover, many other muscu-
lar isokinetic characteristics (for example, total work 
and power) are also as important as the peak torque 
measure to reveal the muscle characteristics of the 
athletes. What are the isokinetic muscle characteris-
/ 
tics of Hong Kong elite male athletes with respect to 
different sports? The main purpose of this study was 
to investigate the muscular characteristics, measured 
isokinetically, of elite male athletes in different 
sports in Hong Kong. The isokinetic test results would 
quantify such muscular characteristics for different 
sport groups. These quantified muscular characteris — 
tics could act as guidelines in developing specific 
training programs for different sports. The optimal 
level of muscle strength, power and endurance capabili-
8 
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ties that athletes were required to attain must be a 
major concern for trainers for every sports. 
Through the comparison with the control group, 
with other countries’ athletes and with other sport 
groups, the muscle characteristics of the athletes 
being tested in this study might be identified. More-
over , the muse 1e weakness of the Hong Kong elite ath-
letes might be found also. According to the muscle 
characteristics and the muscle weaknesses of particular 
sport, appropriate training method could be suggested 
to improve their sport performance. ；” 
The main hypothesis of this study were as follow: 
i) The muscular characteristics of elite Hong Kong male 
athletes measured isokinetically are different among 
athletes of different sports. 
i i) The isokinetic muscular characteristics of each 
Hong Kong sporting event will reflect the specific 
characteristics and requirement of that sport. 
1.4 OPERATIONAL DEFINITION 
1.4.1 FAST TWITCH AND SLOW TWITCH MUSCLE FIBERS 
There are two main types of muscle fibers 
found in the human skeletal muscle: Fast twitch 
fibers (FT) which have high anaerobic and low 
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aerobic capacity, i.e. these muscle fibers can do 
high power work for a short duration, and slow 
twitch fibers (ST) which have high aerobic and low 
anaerobic capacity, i.e. these muscle fibers can 
do low power work for a long period of time. 
During exercise, there is preferential recruitment 
of fiber types: slow twitch fibers during endur-
ance exercise, and fast twitch fibers during 
sprint like exercise (6). 
1.4,2 ISOKINETIC PARAMETERS BEING INVESTIGATED 
I) Peak torque (PT), a measure of muscle 
strength, refers to the single highest torque 
output of the joint produce by muscular contrac-
tion as the limb moves through its range of mo-
tion . (unit : Nm) 
II) Peak torque/body weight ratio (BWR%)； a 
measure of relative muscle strength, calculated by 
dividing peak torque by the subject's body weight. 
III) Total work (TW) is derived by multiply-
ing torque times the distance of the total area 
under the torque curves over a preselected number 
of repetitions. Work is a more valuable indicator 
of muscle function than PT. Total work analysis 
measures muscle function in every repetition at 
all points in the range of motion, while peak 
torque analysis only reports muscle function at 
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one point. The total work is also a measure of a 
muscle's absolute endurance. (unit ： joules) 
IV) Average power (AP) is defined as the 
total work of the given contractions divided by 
actual total movement time. In many sports, the 
average power developed over the duration of the 
专vent is considered to be more important. (unit 
:watts) 
V) Peak torque acceleration energy (TAE), a 
measure of the peak power (explosive power) of the 
muscle involved, is defined as the greatest amount 
of work done in the first one-eighth of a second 
of a single torque production in test repetitions, 
(unit : joules) 
VI) Endurance ratio or fatigue index, a 
measure of relative musele endurance, is defined 
as the ratio of the work performed in the last 
repetition over the first preselected number of 
repetitions during the work test. The first and 
last preselected number of repetitions were the 
same for the same joint movement test. Five 
repetitions were used in all joint movement tests, 
except in knee movement. In the knee movement 
test, 10 repetitions were used. (unit : %) 
VII) Antagonist / agonist peak torque and 
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work rat iOS are measure of agonist and antagonist 
muscle balance around the joint. During a given 
motion, the agonist and antagonist muscles p1 ay a 
major role in preserving joint stability (23) 
(Appendix III). (unit ： %) 
1.4.3 ELITE ATHLETE 
The elite athletes were national team members 
of seven sports. The seven sports consisted of 
badminton, gymnastics, soccer, swimming, distance 
running, cycling and whee1 chair racing. 
1.4.4 NORMAL YOUNG ADULT 
The normal young adults were healthy young 
men and hadn't joined any regular training. 
1.5 ASSUMPTION 
The seven sports being tested were the most 
popular sports in Hong Kong and the national athletes 
of these sports had had good results in Asia and inter-
national ly. Even though all, with the exception of 
soccer, were non-professional sports, the national 
athletes in these sports had spent quite a long time 
vigorously training in their specific sport and partic-
ipated many competitions. Therefore, they were expected 
to have acquired muscular adaptation to their speci^fic 
sport. As a result, the test results may reveal specif-
12 
ic characteristics produced by their particular sports. 
Thirty normal young subjects served as a control group. 
It was assumed that the test results of the young 
adults could reveal the non-elite athletes， muscular 
characteristics. 
1.6 LIMITATION AND DELIMITATION 
In addition to the specific physical training 
effect on musele strength, power and endurance, several 
other factors have effect on such muscle characteris-
tics. These factors include distribution of FT and ST 
muscle fibers, genetics, sex, age and body weight (24, 
25) . To ensure that the sport specific isokinetic 
muscular characteristics difference were mainly due the 
specific physical training effect， all the above listed 
factors were controlled, except genetic factor. 
1.6.1 GENETICS FACTOR 
FT and ST muscle fibers distribution and 
genetics factors couldn't be control led in this 
investigation. 
1.6.2 SEX FACTOR 
Regarding sex, males are stronger than the 
females throughout childhood, with the gap widen-
ing during adolescence. Males are 50% stronger 
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than females in most muscle groups (26) . There-
fore , only male athletes participated in this 
investigation, in order to eliminate the sex 
factor. 
1.6.3 AGE FACTOR 
Peak torque of knee extensors (tested at 210 
deg/sec) increased linearly with age for boys from 
13 to 17 years (27). Isometric muscle force is 
fairly we 11 preserved until about � 5 years old. 
Larsson et al (28) had 144 male subjects performed 
the isokinetic knee extension test. Results 
showed that the extension peak torque increased 
from the age group of 10-19 year to 20-29 year 
group, and remained almost constant to the 40-49 
year group, and then decreased with age in the 
oldest group (50-69 year). At 65 years, isometric 
muscle forces are 20% smaller in men and 10% 
smaller in women, compared with strength at 20 
years old (29). Fugl-Meyer (30) said that isoki-
netic plantar flexion torque had no difference 
between the ages 20-49 years. Because of the 
practical limit (generally the average age of the 
national team gymnasts is quite low in comparison 
with other national team athletes) and in an 
attempt to eliminate the age factor, the age limit 
for al1 control subjects and athletes was between 
18-30 years old. 
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1.6.4 BODY MASS FACTOR 
Collenlly Maddux et al (31) stated that an 
individual‘s body mass and body composition vary, 
making comparison of the maximal absolute muscular 
performance impractical. Therefore, to compare 
muscular performance of individuals, relative 
muscular performance can be calculated by dividing 
the peak torque (Peak torque/body weight ratio) by 
the subject's body weight. Thus, relative peak 
torque has been suggested to be an important 
consideration when comparing muscular performance 
in athletes of different sports (32). 
1.7 SIGNIFICANCE OF THIS STUDY 
The data obtained from this investigation could 
build up sport-specific data files or profiles that 
quantitatively document the normal range of physical 
characteristics and capabilities for well-defined 
权oups of athletes. By profiling appropriate sample 
populations from specific groups of athletes, objective 
standards and norms for those groups can be defined. 
These norms are important in setting the goal of 
strength training and rehabilitation programs. More-
over, isokinetic muscular profiles have considerable 
applications in developing a better understanding of 
the requirements of a sport and profiling is one of the 
15 
most common strategies for identifying contributors to 
skilled performance. The coaches of particular sport 
can develop specific weight training programs according 
to the specific requirements of a sport. Through the 
specific weight training, the athletes (especially the 
young athletes) can develop suitable muscular condition 
for a particular sport. Then, their chances of perform-
ing better in their particular sport will be enhanced 




It is well accepted that muscle strength, muscle 
endurance and muscle power are primary components of 
physical fitness, and are the major factors which 
influence the performance of sports activities. 
2•1 IMPORTANCE OF MUSCLE STRENGTH TO SPORTS PERFORMANCE 
Hage (3) states in his investigation of the 
strength development program in the University of 
Nebraska that, after the school strongly endorsed 
year-round strength training, they ranked fourth with 
most wins among Division 1 schools, five time Big 8 
champion and competitor in 11 college bowl games since 
1970, and source of 54 NFL draft picks since 1975. More 
than 270 col leges and 26 of 28 NFL teams in the USA 
have strength coaches. 
Hagerman (33) has done a review on the physiologi-
cal response of elite rowing athletes. They state 
that, since leg drive during the pulling phase of the 
rowing stroke is the major source of power during 
rowing, the strength and velocity of the contraction of 
the quadriceps muscle group during the required vigor-
ous extension of the legs is extremely important. 
Trifonov (34) claims, in his paper about gymnasts, 
that a highly technical execution of complex strength 
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exercises on the rings depends on the level of develop-
ment of slow strength of the gymnasts. 
Behm (35) notes that one of the vital aspects of 
racquet sports is the ability to exert muscular force 
at high speed and comments that the racquet sports 
athletes， training program must also emphasize muscu-
lar strength, power and endurance. 
Hageman (36) commented on stretching, strengthing 
and conditioning for the competitive tennis player. He 
concludes that elite tennis athletes must possess an 
optimal level of flexibility, strength, and cardiovas-
cular conditioning. They also must be at a maxima 1 
level in areas including upper and lower extremity 
endurance, isolated muscular strength patterns of 
repetitive activities and agility. 
2.2 IMPORTANCE OF MUSCLE STRENGTH IN SPORTS INJURY PREVEN-
TION 
Fitness or musele strength can confer a degree of 
injury protection from the stresses and strains that 
are a normal part of athletics. Kibler et al (37) per 
formed fitness evaluations of competitive junior tennis 
players and concludes "thaii. "tennis is a sport "tliat 
applies high repetitive loads that can create tension 
overload situations in certain key anatomical areas of 
the body (e.g. shoulder), moreover possibly overloading 
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areas of inflexibility and weakness, that can be corre-
lated with areas of increased injury occurrence. There-
fore ,they recommended flexibility and strength train-
ing for all athletes playing tennis at frequent inter-
va 1 s . 
Stafford and Grana (38) state that one primary 
goal in the assessment of muscular strength and power 
is to identify imbalance or weakness. Muscular weak-
ness and decreased flexibility cause biomechanics 1 
imbalances which often result in dysfunction and pain. 
Evaluation of muscular performance is important, in the 
prevent and treatment of muscle dysfunction and pain 
(39), and accurate measurements concerning normal 
strength ratios of muscles controlling the involved 
joint can prove helpful in determining when strength 
rehabilitation goals have been achieved (40). For 
example, strength imbalance exceeding 20 lbs between 
the dorsi- and p1antarf1exors appears characteristic of 
people with shin splints (41). Moreover, Youngstown 
screens all incoming football players by orthopedic 
examination to assess joint laxity, range of motion, 
and strength. Players who fail to meet to target 
strength values are assigned to a strength program or 
dropped from the squad. All players must participate 
in a winter strength program. The outcome is Youngs-
town football players suffered only six major knee 
injuries that required intervention between 1976 and 
19 
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1981 (3). 
Bale and Goodway (42) state that training for all 
gymnasts requires great emphasis upon strength and 
explosive power, with men requiring greater upper body 
strength. As strength, power, flexibility and agility 
are considered the most important components of suc-
cessful gymnastic performance, tests to measure these 
variables range from sports specific exercises to the 
more laboratory-based measures which generally require 
costly sophisticated apparatus, are both very important 
for evaluation. 
2.3 MEASUREMENT OF MUSCLE CHARACTERISTICS 
As Bale and Goodway (42) indicate, it is important 
to have a method to accurately measure the muscle 
characteri sties. 
There are in a physiological sense only five ways 
in which the contractile elements of muscle can produce 
force through the various bony levers available in the 
human body. They are (a) isometric contraction (a 
static contraction)； (b) concentric isotonic contrac-
tion (shortening)； (c) eccentric isotonic contraction 
(lengthening)； (d) isokinetic contraction in which 
angular velocity of the limb segment is constant； and 
(e) more or less normally accelerated movement against 
resistance, as applied in the use of an inertia wheel. 
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Theoretically， all these types of muscle contract i oris 
can be used for measurement purposes but traditionally 
only three of them are widely used for testing (6). 
2.3.1 ISOMETRIC CONTRACTION 
In an isometric, or static contraction, the 
muscle develops tension, but no movement takes 
place. Since the velocity is held constant at 
zero, resistance automatically varies to match the 
force applied. In isometric tests, strength is 
measured as the peak force or torque deye1 oped 
during a maxima 1 voluntary contraction. 
Measurement of isometric tension is done 
quickly, easily and fairly precisely. The simplest 
and most widely used is the cable tension method. 
An isometric dynamometer, which is popular in the 
sports science field, is also used. 
As most sport movements are dynamic rather 
than static, the isometric method is not a good 
method to assess the muscle characteristics of 
athletes (43). 
2.3.2 CONCENTRIC ISOTONIC CONTRACTION 
In concentric isotonic contraction, the 
muscle shortens with varying tension while lifting 
a constant workload. In isotonic test, strength is 
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measured as the heaviest weight which can be 
lifted once (one repetition) through a range of 
movement. The most widely used method is weight 
� lifting method. The apparatus used for weight 
lifting tests may consist of "free" weights or use 
of weight lifting machine (6). 
Many factors affecting the measuring results 
in isotonic method. 
They are as follows : 
i) the time desire to move the resisted 
extremities through the prescribed arc of motion. 
i i) the duration that subjects maintained 
the end position against the resistance was 1 ike-
wise variable and imprecise. 
iii) the measurement degenerate into a trial 
and error situation. The starting weight is 
estimated to be less than maximal and work up to 
the maximal in small increments. The number of 
trials needed to established the maximum will vary 
from subject to subject, and varying levels of 
fatigue will influence the maximum attained. 
Therefore Herbert A. deVeries (6) concludes 
that the isotonic method is hardly an objective 
measurement, and consequently not often used for 
scientific purposes. This method is also time-
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consuming for class work. 
2.3.3 ISOKINETIC CONTRACTION 
Isokinetic loads involve a fixed speed with 
variable resistance which accommodates the mus-
cle's ability to generate force. It is character-
ized by constant velocity at a preselected rate. 
Resistance varies to match the exact torque force 
applied through the range of movement. In the 
isokinetic contract ion test, strength is usually 
measured as the single highest torque output of 
the joint produced by a muscular contract ion as 
the limb moves through its range of motion (43). 
"Cybex" (Lumex, Inc. Ronkonkoma,NY) is a commer-
cial ly available isokinetic dynamometers. In 
recent years, measurement of strength under condi-
tions of constant velocity muscular contraction, 
the isokinetic method, has become popular (9). 
2.3.3.1 Basic concept 
James Perrine, in the late 1960‘s, 
developed the concept of isokinetic which 
involves a dynamic preset fixed speed with 
resistance that is totally accommodating 
throughout the range of motion (ROM). There-
fore, the velocity is constant at a prese-
lected dynamic rate where the resistance 
23 
varies to exactly match the force applied at 
every point in the range of movement. Because 
of this accommodation, maxima 1 resistance 
throughout the full range of movement can be 
deve1 oped, 
2.3.3.2 Reliability and validity 
Reliability and validity of the isoki-
netic device were determined in several 
studies. 
Moffroid et al (12) have done a study 
on isokinetic test and presented the clinical 
evaluation of the torque, work and power 
test. 
(A) Torque : In ten test-retest ses-
sions , seven different loads were placed on 
the isokinetic device at the same distance 
and position, a true linear relationship was 
found (r=0.995). Moreover, the measured 
torque correlated (r=0.999) with the calcu-
lated or predicted torque when the same load 
(30 lbs) was placed on a 1.5 foot lever arm 
at various positions through an arc of 180 
deg. 
(B) Work : A 30-lbs weight was allowed 
to fall from the vertical position at the end 
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of a 1.5 foot lever arm, the distance t rav-
eled was 180 degrees in 7.5 seconds. Five 
measures were made. The correlation between 
� the computed mechanical work value and the 
measured work value was r=0.946. 
(C) Power : Sixty pounds acting on a 
two-foot lever arm. The first three drops 
were made at four revolutions per minute, the 
second three drops at eight revolutions per 
minute, and the third three at twelve revolu-
tions per minute. The correlation between 
predicted power and obtained power of the 
nine trials was very high (r=0.99) 
Bemben et al (11) evaluated the techni-
cal accuracy of Cybex II isokinetic dynamome-
ter and concluded that the velocity of the 
Cybex II 1 ever arm was well controlled under 
all conditions. Overall, the actual measured 
velocities did not differ significantly 
(p>0.05) from the Cybex speed selector set-
tings . 
Montgomery et a 1 (10) did a reliability 
test on the Cybex isokinetic dynamometer. 
The protocol included a five-velocity spec-
trum torque test. No significant within-
subject test differences were noted at any 
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velocity and reliability was generally higher 
at slower velocities. Total work showed 
little variability in repeated tests also. 
� Magnusson et al (13) concluded that over 
a clinically relevant period, intraday and 
interday correlation coefficient were high 
for isokinetic shoulder abduction and shoul-
der adduction test. There were no differ— 
ences between mean values from one day to the 
next. 
Johnson and Siegal ( ) investigated 
isokinetic knee extension using a test-retest 
protocol over a three days period and report-
ed correlation coefficients of 0.93 to 0.98. 
2.3.3.3 Advantage 
The Cybex system has been in use for a 
number of years. The reliability and safety 
are we 11 established for the Cybex system. 
Therefore, many researches have been done 
using the isokinetic devices. Imwold et al 
(45) state that isokinetic testing is useful 
in quantifying muscular performance. Baltzo-
poulos and Brodie (46) conclude that the 
advantages of isokinetic system generate 
variable resistance equal to the applied 
muscular force, and constant preselected 
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velocity of movement. These unique features 
provide safety when used for rehabilitation 
of patients with muscular and ligamentous 
injuries and accuracy in the assessment of 
muscu1ar performance at different functional 
velocities moments. 
2.4 ISOKINETIC MUSCULAR CHARACTERISTICS FOR DIFFERENT 
SPORTS 
Sapega et al (14) of the Institute of Sports 
Medicine and Athletic Trauma, tested 24 male members of 
the 1975 U.S. Dar American and 1976 Olympic fencing 
squads by means of a isokinetic dynamometer system 
coupled with an auxiliary digital work integrator. The 
results indicated that their performance capabilities 
of lower body were outstanding and had a general asym-
metry of muscular characteristics especially notable in 
the lower extremities. The asymmetry seen in the lower 
body of other sports were typically less marked or 
non-existent. Together with other studies, the re-
searchers at Institute of Sports Medicine and Athletic 
Trauma indicated that there were many characteristics 
and quantifiable musculoskeletal differences between 
athletes of different sports. 
As strength, power and endurance are important to 
the athletes, then what is the optimal level of such 
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muscle characteristics? Through the isokinetic test-
ing, many researches have been carried out to quantify 
the muscular characteristics for athletes of different 
sports and as well as among different positions in the 
same sport. 
Tippett (47) tested sixteen college baseball 
pitchers by using the Cybex II. The slow velocity 
strength measurements (30 and 60 deg/sec) for the kick 
leg ankle dorsi—flexor and hip flexor were greater than 
those for the stance leg as was for the hamstring 
strength at 240 deg/sec. Also the strength of the 
stance leg external rotators measured at 180 deg/sec 
was higher than the kick leg. These results appeared 
to be the product of the pitching mechanism. 
Thorland et a 1 (48) had 16 throwers, 11 jumpers, 
12 middle distance runners and 23 sprinters tested on 
the Cybex II isokinetic dynamometer. Statistical 
analysis showed that the absolute leg extension 
strength of the throwers were stronger than middle-
distance runners (by 54.4%), sprinters (35.6%), and 
jumpers (23.6%). For the absolute leg flexion peak 
torques, throwers were stronger than middle distance 
runners (37.4%) and sprinters (32.1%). 
Gerard et al (17) collected the isokinetic leg 
power and strength from 30 national caliber swimmers 
(20 males, 10 females). Subjects were classified into 
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three groups based upon the distance of their primary 
events (long distance, middle distance and short dis-
tance groups). With isokinetic measurements of knee 
extension torque production, the short distance swim-
mers had significantly higher peak torque values at 
every velocity (48, 96, 144, 192, 2� 0 deg/sec) when 
compared to the long distance swimmers. 
Brown et al (18) tested forty-one professional 
baseball players for upper extremity range of motion 
measurements, and used isokinetic testing for internal 
and external shoulder rotation. They found that pitch-
ers generated significantly greater mean peak and mean 
average torque than position players at all speeds 
bilaterally for internal rotation. This difference 
could be the result of the greater quantity of throwing 
done by pitchers, as well as by their emphasis on the 
quality of delivery. 
Hinton (49) used the Cybex II to evaluate the 
shoulder rotational strength in 26 high school baseball 
pitchers. Test data were gathered on the dominant and 
non-dominant shoulders in the supine 90 deg abducted 
test position and the standing neutral test position. 
Tests were performed at 90 and 240 deg/sec. Peak 
torque and total work values for the throwing side 
internal rotators were significantly higher than the 
non-throwing side in all tests. Pitching side external 
rotators failed to show this dominance. 
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Using the isokinetic measurement (0.52 rad/s)， 
Coutts (50) compared three wheelchair marathoners who 
finished first, fourth, and fifth at the 1983 World 
Championship race held in Miami, Florida, as well as 
three non-marathon wheelchair athletes who competed 
internationally in basketball and other events. The 
strength measured indicated that the marathoners scored 
a higher peak torques for the elbow flexion and shoul-
der extension than non-marathon subjects. One of the 
reasons for these characteristics might be due to the 
uphill training for marathon races which would add to 
the resistance and create the need for higher force 
generation. 
2.5 RELATION OF ISOKINETIC MUSCULAR CHARACTERISTICS TO THE 
SPORT SUCCESS 
The above studies showed that athletes of varying 
sports possessed different muscular characteristics. 
Moreover, muscular differences contribute to the suc-
cess in their particular sport. 
Poulmedis et al (20) : Eleven elite Greek soccer 
players were tested on an isokinetic apparatus at 
different angular velocities to determine isokinetic 
muscle characteristics on the dominant knee extensor. 
Relative isokinetic muscle torque values of the lower 
extremity were, at 30 deg/sec, 3.29士0.32 Nm/kg; at 90 
30 
deg/sec, 2.49 土 0.28 Nm/kg； and at 180 deg/sec, 1.7.5 土 0.24 
Nm/kg. They correlated the initial ball soccer kick 
velocity with these isokinetic measures and the result 
was significant; at 30 deg/sec, r=0.82, p<0.01； at 90 
deg/sec, r=0.73, p<0.02； and at 180 deg/sec, r=0.64, 
p<0.05. They conclude that the relative isokinetic 
torque of the lower extremity is considered to be an 
important factor of soccer kick performance. 
Cisar et al (22) did a study to examine the 
ability of preseason body composition, build and 
strength to predict wrestling success during upcoming 
competitive wrest 1ing season. Isokinetic measures of 
muscular strength and other tests were performed on 55 
high school wrestlers. Wrestling success was evaluated 
by the wrest 1ers won-loss record and state or regional 
tournament appearance during the season. The results 
indicate that preseason body composition, build and 
isokinetic strength are fairly sensitive predictors of 
wrestling success in highly—skilled and novice wres-
tiers. 
Fugl-Meyer (30) : Isokinetic ankle plantar and 
dorsi-flexion torques were measured in twenty-five 
physically healthy athletes； fifteen males and ten 
females. For comparing strength, 30 non-athletic 
(untrained) controls were included. This investigation 
showed that isokinetic ankle plantar flexion of young 
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athletic subjects whose competitiveness demands plantar 
flexion strength, was significantly, and predictably, 
greater than those of sedentary, non-athletic subjects. 
Fugl-Meyer also suggested the similarity in isokinetic 
dorsi-flexion for the trained and untrained might be 
caused by identical demands on dorsi^flexor maximum 
strength for both these groups. 
Thomas et al (51) ： Multiple regression analysis 
indicated that physiological factors (e.g. maximal 
oxygen uptake, percent body fat and body weight, etc.) 
would explain over 81% of the variance related to 
successful distance runners. Hamstring isokinetic 
strength was one of the significant factors correlated 
七o successful distance running. 
Pawlowski and Perrin (52) ： Ten pitchers were 
tested for peak torque (PT) at 60 and 2A0 deg/sec, as 
well as torque acceleration energy (TAE), average power 
(AP) and total work (TW) at 240 deg/sec during shoulder 
extension and flexion, shoulder internal and external 
rotation, and elbow flexion and extension movements. 
These tests were performed on a Cybex isokinetic dyna-
mometer interfaced with a Cybex Data Reduction Comput-
er. Pearson Product Moment correlations were computed 
to determine the relationship between throwing velocity 
and each isokinetic measure for each muscle group 
tested. Several significant correlations were found 
between the throwing velocity and isokinetic measures 
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during both internal and external shoulder rotations. 
During shoulder internal rotation (2A0 deg/sec), sig-
nificant correlations were found between the throwing 
velocity and peak torque, TAE and AP and TW. Signifi-
cant correlations were also observed between throwing 
velocity and shoulder external rotation (240 deg/sec) 
peak torque, AP and TW. 
The strong relationship between average power and 
throwing velocity in this investigation seems to sub-
stantiate the important role of adequate power of the 
muscles most involved in throwing motion. Also, power 
and total work may be more meaningful predictors of 
throwing velocity than more traditional measures of 
peak torque. 
2.6 ISOKINETIC PARAMETERS BEING INVESTIGATED 




Peak torque acceleration energy 
Endurance ratio 
Antagonist/agonist peak torque ratio and work 
ratio 
Peak torque has been widely used to describe the 
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muscle characteristics of athletes in different sports. 
As Pawlowski and Perrin (52) stated, in addition to 
peak torque, many isokinetic parameters (e.g. total 
work and power) can be investigated in order to under-
stand more about the muscle characteristics of the 
athletes. 
2.6.1 TORQUE ACCELERATION ENERGY, AVERAGE POWER AND 
TOTAL WORK 
Perrin et al (53) investigated the differ-
ences in bilateral isokinetic peak torque (PT) at 
�� 
60 and 180 deg/sec, and torque acceleration energy 
(TAE), average power (AP) and total work (TW) at 
180 deg/sec during knee extension and flexion, 
shoulder extension and flexion, and shoulder 
internal and external rotation in right hand 
dominant pitchers, swimmers, and non-athletes. 
There were no statistically significant differ-
ences between right and left sides in all three 
groups for PT during knee extension and flexion, 
and shoulder internal and external rotation, and 
shoulder flexion. TAE, AP and TW during shoulder 
internal rotation were greater for the right than 
the left side (p<0.05) for pitchers. These bilat-
eral differences were even more pronounced than 
for PT during shoulder internal rotation. These 
bilateral relationships illustrate a neuromuscular 
adaptation that can be attributed to a specific 
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athletic ski 11 rather than to normal dextral 
activities. Further, while the bilateral peak 
torque relationship may be consistent with torque 
� acceleration energy, power and work measures for 
some muscle groups, such a state cannot be assumed 
for all muscle groups. 
2.6.2 ANTAGONIST TO AGONIST MUSCLE RATIO 
From isokinetic testing, one of the very 
important parameters investigated is the agonist 
and the antagonist muscle relationship. Hagood et 
al (23) state that the antagonistic muscles during 
a given motion (for example, hamstrings during 
knee extension) pi ay a maj or role in actively 
preserving a joint stability. The antagonist 
muse 1e emerges as a principal structure contribut-
ing to stiffness and reduced joint laxity. Poul-
rnedis (54) also suggests that in order for players 
to be effective and injury free, the agonist-
antagonist relationship of all musculature in the 
lower extremities must be corrected. Vanswearin-
germ (55) proposes that maintenance of the normal 
balance of strength may be a maj or factor in 
preventing the deformity of the wrist joint and 
the ensuring loss of hand function frequently seen 
in rheumatic arthritis. 
Cook et al (56) investigated the shoulder 
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strength ratios of co11ege-1 eve 1 baseball pitchers 
compared with age- and sex- matched nonpitchers. 
They found that the act of pitching places unique 
� stresses on a pitcher‘s throwing arm, especially 
on the external and interna 1 status of the shoul-
der , and produce a significant decrease in the 
shoulder strength ratio of externa 1/interna 1 
rotation in a pitcher‘s throwing arm as compared 
with his non-throwing arm. They also conclude 
that the probability of muscle or joint injury 
will increase, if deviation from the naturally 
occurring muscle balance between agonist and 
antagonist muscles is found. 
Person (57) noticed that, as the individual 
acquired skill performing a specific task, co-
activation EMG from the antagonist gradually 
decreased. This phenomenon makes good sense since 
reduction in antagonist force also results in 
reduction of the opposing torque and increase in 
joint efficiency. Then, that ski 11 acquisition in 
high performance associated with lowered hamstring 
co-activation may overstrain the ACL and render 
it open to high risk of injuries, especially in 
contact sports. He advises athletes to employ 
hamstring strength training as a potential means 
of increasing the amount of posterior pull avail-
able for impact conditions which may stress the 
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ACL beyond its physiological limits. 
In addition, many other studies have 
stressed the importance of antagonist to agonist 
muscle ratio (2, 38, 58’ 59， 60, 61, 62, 63). 
2.7 SPORT SPECIFIC MUSCLE CHARACTERISTICS PROFILE 
Isokinetic evaluations provide the researcher 
with a quantitative written record of the torques, 
torque acceleration energy and total work develop about 
a joint throughout the whole range of motion. Such 
testing has become a standard method of testing various 
athletic populations for muscular strength, power and 
endurance in sports medicine and sports science clinics 
throughout the country. The written records of each 
sport can be compiled to build a norm or profile for 
each sport. 
Sapega and Nicholas (64) state that sport specif-
ic profiles or data file, that quantitatively document 
the normal range of physical characteri sties and capa-
bi 1 ities for well defined groups of athletes may lead 
to abnormal and/or deficient test results which could 
be objectively identified by comparison. Moreover, the 
musculoskeletal profile data can also pi ay a s igni f i-
cant role in the objective determination of specific 
rehabilitation goals and return-to-play criteria. 
37 
Edwards and Vitti (65) commented on the use of 
muscular profile that compared an individual‘s strength 
measures with a profile of strength characteristics for 
a similar group of athletes. This might indicate that 
additional training was necessary to bring that athlete 
in line with typical performance on such measures. 
Therefore, by profiling appropriate sample population 
from specific groups of athletes, objective standards 
and norms for these groups can be defined. The isoki-
netic muscu1ar profiles can assist in developing a 
better understanding of the requirements of a sport and 
identifying contributing factors to skilled perform-
ance . 
2.8 SUMMARY 
In this chapter, several topics were reviewed. 
Past researches indicate that muscular characteristics 
(strength, power and endurance) are one of the major 
factors in influencing the performance of sport activi-
ties and important in the prevention of sports in-
juries . Different sports have specific requirements in 
terms of muscular characteristics. Isokinetic test is 
a reliable and valid way to quantify such characteris-
tics . The isokinetic measures from different sportsmen 
have a significant correlation with their sports per-
formance . Isokinetic evaluations provide written 
records of each sport, which can build a norm or pro— 
file for each sport. 
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III. MATERIAL AND METHOD 
• _ l I 11 Ml . I 一 — I I I I — — — 
3.1 PROJECT DESIGN 
3.1.1 SUBJECT 
(A) Athletes : 
All the athletes had to be national team 
members of seven sports (badminton, gymnastics, 
soccer, swimming, distance running, cycling and 
wheelchair racing) in Hong Kong. Because of Hong 
Kong's multi-national population, not all the 
athletes in this project were Chinese. Some of 
them were Caucasian. The number of athletes 
included in each sport are listed in Table 3.1. 
Totally 64 athletes participated in this 
investigation. 
Table 3.1 Number of Chinese and non-Chinese athletes in each sport. 
SPORT Total No. No. of No. of 
of Athletes Chinese Non输Chinese 
Athletes Athletes 
BADMINTON 11 11 0 
GYMNASTICS 7 7 0 
SOCCER 23 23 0 
SWIMMING 5 4 1 
DISTANCE RUNNING 8 4 4 
CYCLING 6 6 0 
WHEELCHAIR RACING 4 4 0 
TOTAL 64 59 5 
39 
(B) Norma 1 young adults : 
Thirty male subjects served as the control 
group. They had had never joined any regular 
training. This group results were compared with 
the athletes‘ results in order to identify the 
training and competition effect on the athletes， 
muscles. The age range of control group was 
similar to the age range of athletes. Thus, males 
within the 18 to 30 year range were selected. All 
the subjects in control group were Chinese. 
All subjects, athletes and control group, 
were required to be pain and injury free in the 
knee, shoulder, elbow and ankle throughout the 
period of testing. Moreover, subjects in control 
group should not have injuries of the knee, 
shoulder, elbow and ankle within the prior two 
years. 
3.1.2 EQUIPMENT 
3.1.2.1 Cybex 11+ machine 
(A) Cybex 11+ dynamometer : 
The construction features of the Cybex 
dynamometer have not been published, but 
apparently consist of a small DC servomotor 
employing tachometer feedback control. The 
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Cybex allows torque to be applied and meas-
ured in two opposite directions； that is, the 
shaft of the dynamometer can rotate clockwise 
and anticlockwise. A notable safety feature 
of the Cybex is that the shaft does not 
rotate with the motor. The shaft must be 
accelerated (by the subject) and will engage 
the servomotor when its velocity matches that 
of the motor. In fact, engagement occurs 
when the subject attempts to accelerate the 
shaft beyond the preset velocity of the 
servomotor (43). 
(B) Readout device : 
The Cybex 11+ has a two-channel thermal 
recorder； one channel displays torques and 
the second displays angular displacement. 
Moreover, the signal from the transducer can 
be fed into a computer (CDRC), with a subse-
quent printout of the measurements listed 
above. 
(C) Accessories : 
Upper Body Exercise Table (UBXT), shoul-
der testing accessories, pi antar/dorsi-f1 ex-
ion footplate were used in this investiga-
tion . 
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3.1.2.2 Cybex 11+ measurement characteristics 
(A) Torque capacity •  
Torque rather than force is measured on 
the Cybex. The manufacturer of the Cybex 
rates the torque capacity of Cybex as 488 Nm. 
This capacity is sufficient for the measure-
ment of strength for most single joints. 
Some strong athletes may exceed this limit in 
low velocity knee extension, and even non-
athl etes may exceed the torque capacity in 
low velocity hip extension (43). 
(B) Velocity limit : 
The velocity limit of the Cybex 11+ is 
300 deg/sec. 
(C) Calibration : 
According to the manufacture‘s recommen-
dation, torque and angle calibration was done 
before each testing session (66). 
(D) Correction for gravity : 
The segment was weighed according to the 
instructions included in the Cybex menu. The 
tested segment was weighed for its effect of 
gravity against extension and with flexion 
and automatically recorded by the computer. 
Four different studies, Nelson and Duncan 
(67), Appen and Duncan (58), Fillyaw et al 
(68) and Figoni et al (69), reported that 
gravity correction was necessary for accurate 
results. 
(E) Damping : 
In concentric contraction performed on 
an isokinetic dynamometer, an “impact arti-
fact" occurs when the accelerating limb 
catches up to the velocity of the servomotor 
and engages it. The impact artifact is 
brought about as the momentum of the acceler-
ating limb is absorbed by the servomotor. 
The servomotor decelerates the limb, and the 
torque required to decelerate the limb is 
recorded as a peak at the beginning of the 
torque-time recording (43). 
The damping knob on the torque channel 
of the Cybex 11+ recorder controls the speed 
of the response of the torque stylus. This 
control "damps out" unwanted, high frequency 
oscillation and controls the impact artifact 
"overshoot". 
Different test movements have different 
damp setting (70), so the damp setting for 
43 
each test movement was used throughout the 
same test. 
In this investigation, all data were 
� - w . 
collected from the CDRC (Cybex Data Reduction 
Computer). The CDRC automatically eliminates 
any portion of the torque curve that is 
affected by signal damping or artifact. This 
allows significant reduction in damping on 
all Cybex 11+ tests. Therefore, the damp 
setting in the torque channel of the Cybex 
11+ recorder had no effect on the results of 
this investigation. 
3.1.3 THE PROCEDURE OF STUDY 
3,1.3.1 Test protocol 
(A) Test movement : 
Three test movements at most were used 
in each sport as their time available for 
testing was limited (only one section). The 
decision of which test movements to be used 
were made by a physiotherapist, a coach of a 
particular sport and the investigator. In 
total, five isokinetic tests were chosen to 
assess the muscular characteristics of ath-
letes from the seven sports. Knee exten-
sion/flexion movement was tested in each 
sport except wheelchair racing. The other 
movements of each sport are listed in Table 
3.2. 
“ T h e control group performed all the 
five movements that the athletes had done. 
(B) Test speeds : 
Testing in each movement was done at two 
speeds (one slow speed and one high speed). 
Testing at slow speed included five consecu-
tive repetitions of exercise, while a 25 
consecutive repetitions were performed at 
high speed, except knee extension and flex-
ion. For the high speed test in knee exten-
sion and flexion, 50 consecutive repetitions 
were performed. 
The isokinetic measures that were 
tested and statistically analyzed for each 
movement included peak torque at slow and 
high speeds, total work, average power, peak 
torque acceleration energy, endurance ratio, 
antagonist to agonist muscle torque ratio and 
work ratio at high speed. 
The two speeds used in each test move-
ment are listed in Table 3.3. 
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Table 3.2 The test movements of each sport. 
SPORT MOVEMENT 
Badminton Shoulder extension and flexion Ankle plantar and dorsi-flexion 
Gymnastics Shoulder horizontal abduction 
and adduction 
Ankle plantar and dorsi-flexion 
Soccer Ankle plantar and dorsi-flexion 
Swimming Shoulder extension and flexion 
Shoulder horizontal abduction 
and adduction 
Distance running Ankle plantar and dorsi-flexion 
Cycling Ankle plantar and dorsi-flexion 
Wheelchair racing Shoulder extension and flexion 
Elbow extension and flexion 
Table 3.3 The two test speeds used in each test movement. 
Movement Low Rep Test High Rep Test 
Speed Speed 
(deg/sec) (deg/sec) 
Knee 60 5 Torque 180 50 Torque 
Extension/Flexion Work 
Shoulder 60 5 Torque 240 25 Torque 
Extension/Flexion Work 
Shoulder Horizontal 60 5 Torque 240 25 Torque 
Abduct ion/Adduct i on Work 
Elbow 60 5 Torque 240 25 Torque 
Extension/Flexion work 
Ankle Plantar 60 5 Torque 180 25 Torque 
Flexion/Dorsiflexion Work 
46 
3.1.3.2 Testing procedure 
Each athlete came to the Human Perform-
ance Laboratory of HKSI (Hong Kong Sports 
Institute) for one day to complete the isoki-
netic tests. Tests were performed in the 
mid-season of each particular sport. The 
control group came to the Human Performance 
Laboratory for two days to complete the 
isokinetic tests. In each session, two or 
three movements were tested. 
After obtaining informed consent (Appen-
dix I), the subjects' weight and height were 
measured. A 10-minute general stretching and 
warm up was performed to prepare the muscles 
for each test movement. Then subjects were 
taught to use the isokinetic dynamometer. 
Simple T-shirt and shorts were required, 
shoes were removed for the knee extension and 
flexion test. 
The sequence of the five joint movement 
tests was randomly assigned to each subject. 
At most, three tests were performed in each 
testing session. 
For each movement, the slow speed test 
and the non-dominant side was tested first. 
The upper extremity dominance was determined 
by the side of writing. Hand dominance was 
used to extrapolate knee and ankle dominance； 
that is, for a right-handed writing subject, 
the defined dominant side of the upper and 
lower extremity was the right side. 
After setting the apparatus for the 
appropriate joint movement, the subject was 
stabilized with straps to the testing appara-
tus . All settings were adjusted according to 
Cybex 11+ and the UBXT handbook -一 
"Isolated-joint Testing Exercise" (70) for 
each joint movement test. For each joint 
movement, the joint‘s axis of rotation was 
aligned with the input shaft of the dynamome-
ter . All adjustments were made by the same 
investigator. 
The subject then underwent a warm up 
session at slow speed (60 deg/sec). Warm up 
consisted of three to five submaximal, and 
two maximal, contractions followed by a 30 
sec rest period prior slow speed test. The 
slow speed test included five maximal repeti-
tions and the high speed test included 25 
maximal repetitions (50 maximal repetitions 
for knee extension and flexion). A one 
minute rest was given between tests at slow 
speed and high speed, and a three minute rest 
period was allowed prior to contralateral 
side testing. A 15 minute rest period was 
� all owed between different joint movement 
tests. 
3.2 DATA ANALYSIS 
(A) A dBase IV database program was used to store 
the testing results and SPSS/PC+ (ver. 3.0) was used to 
perform the statistical analysis. 
(B) The statistical analysis consist of descrip-
tive and analytical procedures. The mean and standard 
deviation were calculated for all the isokinetic meas-
ures listed above. 
(C) Student's paired-t-test was used to test for 
differences between all the isokinetic measurements 
between dominant and non-dominant side with a level of 
significance set at p<0.05. 
(D) One way ANOVA with Scheffe post hoc comparison 
with a level of significance set at p<0.05 were used 




The Cybex 11+ machine was used in this project to 
assess the muscular characteristics of elite athletes 
and normal young adults. Control group performed five 
movement tests to evaluate their muscle groups around 
the knee, ankle, shoulder and elbow joints. The elite 
athletes performed one or two or at most three movement 
tests to assess the muscle groups that are more in-
volved in their sport activities. In each movement 
test, one slow speed and one high speed were used. The 
isokinetic measures that utilized for the statistical 
analysis, included peak torque at slow and high speeds, 
total work, average power, peak torque acceleration 
energy, endurance ratio, antagonist to agonist muscle 
torque ratio and work ratio at high speed. The isoki-
netic test results of the athletes compared with con-
trol group to confirm the training and competition 
effect on muscles. Moreover, the test results of the 
athletes compared sport by sport to confirm the specif-
ic muscular requirements among different sports. 
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IY^_RESyLT 
A.1 PHYSICAL CHARACTERISTICS OF THE SUBJECTS 
-^  
The height, weight and age measures of subjects 
are given in Tab1e 4.1. For the control group, because 
some of them had had injury on one of the tested joints 
or did not show up in the second session of testing, 
the number of normal adults participating in each joint 
movement test were little difference. Due to technical 
problems, only 10 soccer athletes participated in the 
ankle plantar and dorsi-flexion test. In addition, 
swimming and gymnastics groups only participated in the 
slow speed test of the knee extension and flexion test. 
Because there was no specific equipment in the Human 
Performance Laboratory of HKSI to measure the height 
and weight of wheelchair racing athletes, no body 
weight and height measurements were indicated for 
wheelchair racing athletes. As wheelchair racing 
athletes had no body weight measure, the peak torque 
body weight ratio for them was not shown. The body 
weight of swimming group members were significantly 
higher than control group and gymnastics group. The 
soccer group (in the knee extension and flexion test) 
were significantly heavier than control group only 
(p<0.05). 
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4.2 ISOKINETIC TEST RESULT 
4.2.1 KNEE EXTENSION AND FLEXION 
Mean values (standard deviation) of the 
、 擎 
isokinetic test results for the two test speeds of 
different sports are given in Tables 4.2, 4.3, 4.4 
and 4.5. 
(A) Bilateral comparison : 
Bilateral difference results are given in 
Tables 4.6 and 4.7. 
Swimming and distance running groups had no 
significant bilateral difference. Only the peak 
torque/body weight ratio of the extensor of soccer 
group measured at slow speed had significant 
bi lateral difference (non-dominant > dominant 
side) (p<0.05). 
Except for the TAE and endurance ratio, the 
dominant side extensors of cyclists had signifi-
cant ly higher scored in all the isokinetic meas-
ures than their non-dominant side extensors 
(p<0.05). There was no bilateral difference in 
the flexors of cyclists. 
Badminton players had significantly higher 
peak torque generating ability in the non-dominant 
side flexors measured at high speed, while gym-
52 
nasts were stronger in the non-dominant side 
extensors in slow speed test (p<0.05). 
It was surprising that the peak torque meas-
ure of the dominant side flexers of control group 
was significantly higher than the non-dominant 
side in the slow speed test. In the high speed 
torque test, the non-dominant side extensors 
scored significantly higher than the dominant side 
scores. 
(B) Sports comparison : 
Sports comparison results are given in Tables 
4.8 and 4.9. 
Except for the endurance ratio, the flexors 
of marathon runners produced significantly higher 
results than those of control group but not sig-
nificantly higher results than other sport ath-
letes . Distance runners and soccer players were 
the top two in the result of peak torque and work 
ratio measures (knee flexor/knee extensor). 
However significantly higher scores could only be 
found in the dominant knee peak torque ratio of 
soccer and running groups, measured at low and 
high speed respectively (p<0.05). On the con-
trary, the gymnasts, cyclists and normal young 
adults had the lowest result in peak torque and 
work ratio measures. 
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Nearly all the isokinetic measures of the 
knee extensors of badminton athletes were higher 
� than those of the other groups (control, soccer 
and distance running). The dominant side of 
cyclists was comparable to badminton athletes 
(except the TAE measure). Badminton athletes, in 
addition to having good extensors, produced knee 
flexor results similar to those of distance run-
ners . 
The slow speed absolute peak torque measures 
of swimmers were higher (not statistically signif-
icant) (p>0.05) than control group but the body 
weight ratio of the peak torque measure of them 
was similar with the young adults. 
The extensors and flexors measures of the 
soccer and gymnastics athletes showed no signifi-
cant difference in comparison with normal young 
adults (p>0.05). When compared with other groups, 
these three groups were usually found at the lower 
end. 
4.2.2 ANKLE PLANTAR AND DORSI FLEXION 
Mean values (standard deviation) of the 
isokinetic test results for the two test speeds of 
different sports are given in Tables 4.10, 4.11, 
A. 12 and 4.13. 
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(A) Bilateral comparison : 
Bilateral difference results are given in 
Tables 4.14 and 4.15. 
In control group, no bilateral difference was 
found (p>0.05). 
Significant bilateral difference could only 
be found in the measurement of torque test for the 
three sport groups (p<0.05). In the slow speed 
test, cyclists scored significantly higher peak 
torque in dominant side dorsi-flexers while soccer 
players scored significantly higher peak torque in 
the non-dominant side dorsi-f1exors• In the fast 
speed torque test, gymnasts generated significant-
ly higher result in the non-dominant side plantar 
flexors (p<0.05). 
(B) Sports comparison : 
Sports comparison results are given in Tables 
4.16 and 4.17. 
ANOVA test results showed that gymnasts 
scored significantly higher results in the peak 
torque ratio and work ratio than cyclists 
(p<0.05). For the non-dominant side dorsi-flex-
ors, soccer players and gymnasts scored higher in 
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peak torque at slow speed, TAE, AP and ER at high 
speed than cyclists. However, only soccer group‘s 
peak torque (measured at 60 deg/sec) was signifi-
cant ly higher than eye 1ing team. Norma 1 people 
were significantly lower than gymnasts and soccer 
players in the endurance ratio of the dorsi-flex-
ers and plantar flexers (p<0.05). 
Although other parameters did not indicate 
any significant differences between the test 
groups, there was a trend of sequence. For the 
ankle plantar flexion peak torque, TAE, TW, and AP 
measures, cyclists tended to be the highest while 
the normal adults and gymnasts were the lowest 
groups. These relationship were reversed in 
dorsi-flexion movement, cyclists and normal adults 
being the lowest while gymnasts and soccer players 
were the highest. 
4.2.3 SHOULDER EXTENSION AND FLEXION 
Mean values (standard deviation) of the 
isokinetic test results for the two test speeds of 
different sports are given in Tables 4.18, 4.19, 
4.20 and 4.21. 
(A) Bilateral comparison : 
Bilateral difference results are given in 
Tables 4.22 and ^.23. 
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The endurance ratio of the shoulder extensors 
and flexors for the four test groups did not show 
the bilateral difference. 
Control group had nearly all test parameters 
with bilateral differences, the dominant side 
results were significantly higher than the non-
dominant side results (p<0.05), except the shoul-
der flexor to extensor peak torque and work ratio 
and endurance ratio. The non-dominant to dominant 
difference ranged from 1% to 17% (Appendix II). 
The dominant side flexors of swimmers scored 
significantly higher results than the non-dominant 
side flexors in all parameters (p<0.05). Con-
versely, no bilateral difference was found in 
wheelchair athletes (p>0.05). 
The shoulder extensors of badminton players 
had al1 the test parameters with significant 
bilateral differences (p<0.05). But for their 
shoulder flexors, only high speed peak torque, 
total work and average work measures showed sig-
nificant bilateral differences. The flexion to 
extension peak torque ratio was significantly 
higher in the non-dominant side of badminton 
players, in comparison with the dominant side peak 
torque ratio (p<0.05). The extent of non-dominant 
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to dominant difference of this measure for badmin-
ton players was higher than control group and the 
extent of difference was more pronounced in the 
high speed test. 
(B) Sports comparison : 
Sports comparison results are given in Tables 
4.24 and 4.25. 
The comparison concentrated on the dominant 
side. All the sports tested generated signifi-
cantly higher isokinetic muscular test results 
than the normal adults (p<0.05). 
Nearly all the muscular characteristics 
investigated showed swimmers to be the highest, 
but the differences between other sport groups 
were not statistically significant (p>0.05). The 
ranking of the four sports in different isokinetic 
parameters of the shoulder extensors or flexors 
were about the same. 
The peak torque ratio (shoulder flexor/shoul-
der extensor) for both sides in the slow speed 
torque test and non-dominant side at high speed 
torque test, were significantly higher for wheel-
chair racing athletes. 
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4.2.4 SHOULDER HORIZONTAL ABDUCTION AND ADDUCTION 
Nean values (standard deviations) of the 
isokinetic test results fpr the two test speeds of 
different sports are given in Tables 4.26, 4.27, 
4.28 and A.29. 
(A) Bilateral comparison : 
Bilateral comparison results are given in 
Tables 4.30 and 4.31. 
For the control group, the peak torque meas-
ures of the dominant shoulder horizontal abductors 
in the slow and high speed tests, and dominant 
shoulder horizontal adductors in the fast speed 
test, were significantly higher than those for the 
non-dominant side (p<0.05). The TAE measure of 
the dominant shoulder horizontal abductors and 
adductors showed similar bilateral difference as 
well. Fewer parameters showed statistical signif-
icant bilateral differences among the control 
group when comparing with shoulder extension and 
flexion results. 
Except for the endurance ratio, the swimmers‘ 
dominant shoulder horizontal abductors and adduc-
tors generated higher scores than the non-dominant 
side in nearly al1 parameters. However, statisti-
cal ly significant difference results could only be 
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found in the horizontal adductor‘s peak torque and 
TAE measured at high speed, and the horizontal 
abductor‘s total work measure. 
No significant bilateral difference was found 
in the isokinetic test results of gymnasts 
(p>0.05). 
(B) Sports comparison : 
Sports comparison results are given in Tables 
4,32 and 33. 
‘ � ‘ 
Similar to the shoulder extension and flexion 
test, the two sports had significantly higher 
scores than control group (p<0.05). 
The antagonist to agonist muscle torque ratio 
and work ratio were similar for the three groups. 
Except for the peak torque body weight ratio, 
swimming group's isokinetic test results were the 
highest, but statistically speaking, the swimmers 
and gymnasts generated similar scores, 
For the peak torque body weight ratio, the 
gymnasts produced higher scores than swimmers and 
normal young adults. 
4.2.5 ELBOW EXTENSION AND FLEXION 
Only two groups participated in this test； 
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whee1 chair racing and control groups. Mean values 
(standard deviation) of the isokinetic test re-
suits for the two test speeds of different sports 
are given in Tables 4.34, 4.35, 4.36 and A.37. 
(A) Bilateral comparison : 
Bilateral difference results are given in 
Tables 38, and 4.39. 
Generally wheelchair racing athletes did not 
show significant bilateral difference (p>0.05). 
Except in the endurance ratio measure, the domi-
nant side elbow flexors of control group generated 
significantly higher scores than the non-dominant 
side for nearly all other isokinetic measures 
(p<0.05). But for the elbow extensors, no bilat-
eral difference was found, except in the total 
work measure, 
(B) Sports comparison : 
Sports comparison results are given in Tables 
4.40 and 4.41. 
Except in the slow speed extension peak 
torque measure, high speed flexion TAE measure and 
endurance ratio for both extensors and flexors, 
the wheelchair athletes generated significantly 
higher scores in all parameters (p<0.05). 
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The peak torque ratio of the dominant side 
and work ratio for both sides of whee1 chair ath-
letes were significantly higher than those for 
normal young athletes (p<0,05). 
4.3 SUMMARY 
In this chapter, the bilateral comparison of each 
tested group and the comparison of the isokinetic test 
results of different groups were presented. The extent 
of bilateral difference of the lower limb muscle groups 
was less than that of the upper limb muscle groups. For 
the upper limb muscle groups, the test group stressed 
more only on the dominant side, the extent of bilateral 
difference was higher. For example, badminton players 
had much higher upper limb bilateral difference than 
wheel-chair athletes. 
In the groups comparison, the sport groups gener-
ated higher test scores than control group in nearly 
all parameters in the upper limb test. In the knee 
extension and flexion test, only certain sports had 
significantly higher results than control group. The 
test results of control group in the ankle test were 
similar to the other sport groups. In sport groups 
comparison, some sports had nearly all parameters 
higher than the other sport groups, e.g. badminton team 
in knee test, while some sports only dominate in cer-
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tain measures, e.g. cycling team in ankle test. The 
antagonist to agonist muscle ratio was one of the 
important measure to identify different sport groups. 
Generally, different sport groups generated significant 
different isokinetic test results. 
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4.4 DATA RESULTS 
Table 4.1 Mean (standard deviation) 
height, weight and age 
of subjects. 
SPORTS A ^ HT 
(yrs) (cm) (kg) 
BADMINTON 21.0 173.7 63.6 
(n-11) (3.3) (5.2) (6.8) 
CYCLING 23.0 172.0 63.0 
(n-e) (2.8) (3.5) (4.6) 
GYMNASTICS 18.0 167.4 69.6 
(n-7) (2.5) (3.7) (7.7) 
SOCCER 
(n-10)* 21.0 172.4 62.6 
(5.3) (4.1) (4.8) 
(n-23)** 26.7 173.0 67.0 
(4.7) (3.8) (4.4) 
SWIMMING 18.8 177.4 72.0 
(n-5) (3.9) (6.8) (9.7) 
RUNNING 26.9 175.0 66.4 
(n-8) (4.4) (6.3) (5.2) 
WHEEL 21.0 - -
(n-4) (4) - -
NORMAL 21.0 167.9 69.1 
(n-30) (2.3) (4.4) (7.3) 
* ： 10 Soccer athletds parlclpated In the ankle 
plantar and dorel flexion test 
* * ： 23 Soccer athletes parlclpated In the knee 
extension and flexion test 
Notes : 
BAD : BADMINTON 
CYCL: CYCLING 
SOCC: SOCCER 
RUN : DISTANCE RUNNING ‘ 
NORM : NORMAL ADULTS 
SWIM I SWIMMING 
QYM : GYMNASTICS 
WHEEL: WHEELCHAIR RACING 
N i NON DOMINANT SIDE RESULT 
D t DOMINANT SIDE RESULT 
N.8 . : NO SIGNIFICANT DIFFERENCE (P>0.06) 
* : SIGNIFICANT DIFFERENCE (P<O.OB) 
> ：SIGNIFICANT HIGHER THAN 
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Table 4.2 Mean (standard d®vlatlon)Cyb®x results of dominant 
side knoe extenelon and flexion test at Blow speed 
(60 deg/seo). 
云 PORTS 
B A D “ C Y C L G Y M 8 0 C C ” S W I M RUN NORM 
(n-11) (n«6) (n-7) (n«23) ( t rS ) (n»8) (0-26) 
Ext 216 231 184 184 211 206 170 
Peak Torqud (34) (34) (30) (26) (40) (42) (36) 
(Nm) 
、 Flex 119 117 91 113 113 131 97 
(22) (20) (16) (17) (19) (24) (21) 
Ext 341 371 312 276 293 306 263 
Peak Torque (46) (30) (63) (39) (16) (48) (49) 
(BWR%) 
Flex 189 188 153 169 167 196 162 
(29) (20) (14) (23) (7) (23) (31) 
Peak Torque 66 61 60 62 64 64 67 
Ratio (7) (5) (4) (11) (1) (6) (6) 
Table 4.3 Moan (standard d©vlatlon)Cybox reftults of non-dominant 
8lde knee extension and flexion test at slow spetd ^ . 
(60 ddg/6«o). 
BAD C Y C L Q Y M 80CC S W I M ~ R U N NORM 
(n-11) (n»6) (n-7) (n»23) (n«6) ( i t 8 ) ( n � 2 8 ) 
Ext 211 212 193 193 204 206 170 
Peak Torqud (42) (22) (35) (29) (43) (40) (31) 
(Nm) 
Flex 118 116 03 116 119 124 92 
(20) (18) (21) (19) (24) (28) (22) 
Ext 333 342 327 291 284 310 282 
Peak Torque (62) (20) (40) (40) (33) (52) (44) 
(BWR%) 
Flex 188 187 156 174 165 166 164 
(25) (23) (18) (28) (13) <31) (32) 
Peak Torque 56 66 48 61 69 60 64 
Ratio (4) (6) (7) (12) (6) (9) (7) 
* 
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Table 4.4 Mean (standard dovlatlon)Cybex result® of dominant 
side knee extension and flexion toet at fast speed 
(180 deg/seo). 
8 P O 町 g 
B ^ C ^ L 80CC RUN NORM 
(n«11) (n-6) (n«23) (n*8) (n»28) 
Ext 160 161 129 139 120 
Peak Torque (22) (17) (20) (28) (21) 
.‘ (Nm) 
Flex 83 77 77 ©0 67 
(13) (12) (13) (21) (13) 
Ext 262 243 192 209 201 
Peak Torque (21) (12) (27) (33) (24) 
(BWn%) 
Flex 132 124 114 135 112 
(18) (12) (18) (24) (18) 
Peak Torqud 53 51 60 64 66 
Ratio (7) (4) (11) (5) (6) 
Ext 28.39 26.69 22.96 25.97 21.62 
TAE (5.43) (3.95) (3.43) (6.66) (3.29) 
(Joules) 
Flex 17.93 13.38 13.69 16.36 10.66 
(7.90) (1.19) (3.19) (4.41) (2.99) 
Ext 5640 6345 4167 4720 3642 
Total Work (1065) (766) (779) (826) (761) 
(Joules) 
Flex 2690 2417 2167 2722 1697 
(786) (676) (604) (561) (499) 
Ext 43 63 41 47 41 
Endurance (8) (4) (7) (10) (11) 
Ratio 
Flex 28 41 36 32 32 
(13) (8) (11) (11) (15) 
Ext 213 244 169 179 137 
Average (63) (12) (29) (32) (27) 
Power 
(Watts) Flex 94 92 82 103 60 
(20) (25) (22) (22) (18) 
Work Ratio 62 38 62 68 44 
(33) (8) (11) (7) (11) 
c 
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Table 4.6 Mean (standard devlatlon)Cyb®x resulte of non-dominant 
side knee extension and flexion test at fast speed 
(180 deg/seo). 
9TORT9 
BAD CYCL 90CC RUN NORM 
(n«11) (n«e) (n»23) (n-8) (n-28) 
Ext 156 137 127 142 124 
Peak Torque (26) (12) (19) (27) (21) 
(Nm) 
Flex 90 74 76 88 66 
(14) (8) (19) (20) (13) 
Ext 246 221 189 213 207 
Peak Torque (27) (9) (26) (34) (22) 
(BWR%) 
Flox 142 110 114 131 108 
(16) (9) (21) (21) (20) 
Peak Torque 68 64 61 62 62 
Ratio (3) (4) (14) (9) (8) 
Ext 26.96 25.42 22.40 25.67 20.96 
TAE (6.72) (2.61) (3.31) (4.90) (4.15) 
(Joules) 
Flex 16.11 13.61 13.36 16.46 10.41 
(3.56) (0.62) (3.28) (3.43) (3.29) 
Ext 5803 6709 4156 4676 3718 
Total Work (653) (679) (643) (769) (747) 
(Joules) 
Flex 2633 2342 2079 2429 1682 
(640) (496) (542) (606) (666) 
Ext 47 61 43 46 38 
Endurance (9) (8) (10) (10) (7) 
Ratio 
FIdx 26 41 31 27 28 
(11) (13) (12) (9) (12) 
Ext 224 222 166 173 141 
Average (29) (21) (24) (30) (28) 
Power 
(Watts) Flex 101 90 77 91 69 
(23) (18) (20) (23) (20) 
Work Ratio 46 41 60 53 42 
(11) (7) (13) (11) (12) 
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Table 4.6 Bilateral comparison results of knee extension and flexion 
test at fast speed (180 deg/eeo). 
SPORTS 
BAD C ^ L 80CC RUN N O R ^ 
( n o l l ) (n-6) (n«23) (n-8) (n«28) 
Ext N.S. *:D>N N.8. N.6. ^:N>D 
Peak Torque 
(Nm) Flex *:N>D N.S. N.S. N.S. N.S. 
Ext N.8. *:D>N N.S. N.S. *:N>D 
Peak Torque 
(BWR %) Flex *:N>D N.S. N.S. N.S. N.S. 
Peak Torque *:N>D N.S. N.S. N.S. *:D>N 
Ratio 
Ext N.S. N.S. N.S. N.S. N.S. 
TAE 
(Joules) Flex N.S. N.S. N.S. N . a N.S. 
Ext N.S. *:D>N N.S. N.S. N.S. 
Total Work 
(Joules) Flex N.S. N.S. N.S. N.S. N.S. 
Ext N.S. N.S. N.S. N.S. N.S. 
Endurance 
Ratio Flex N.S. N.S. N.S. N.S. N.S. 
Average Ext N.S. *:D>N N.S. N.S. N.S. 
Power 
(Watte) Flex N.S. N.S. N.S. N.S. N.S. 
Work Ratio N.S. N.S. N.S. N.S. N.S. 
Table 4.7 Bilateral comparison rosults of knee dxtenslon and flexion 
test at slow speed (60 deg/eeo). 
~ ~ S P O R T S 
B A D ~ C Y C L Q Y M 80CC S W I M R U N NORM 
(n»11) (n-6) (n-7) (n«23) (n-6) (n-8) (n-2e) 
Ext N.S. *:D>N *:N>D N.S. N.S. N.S. N.S. 
Peak Torque 
(Nm) Flex N.S. N.S. N.S. N.S. M.S. N.S. *:D>N 
Ext N.S. *:D>N *:N>D •:N>D N.S. N.S. N.S. 
Peak Torque 
(BWR %) Flex N.S. N.S. N.S. N.S. N.S. N.S. • :D>N 
Peak Torque N.S. •:N>D N.S. N.S. N.S. N.S. *:D>N 
Ratio 
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Table 4.8 Sports comparison results of knee extension and flexion test 
at fast speed (100 deg/eoc). 
^J^-^Q^JL；!^^ DOMINANT 
SIDE SIDE 
Ext *:BAD>SOCC,NORM *BAD>80CC,N0RM 
Peak Torque CYCL>NORM 
(Nm) 
Flex *:BAD,RUN>NORM *:RUN.BAD>NORM 
； 
Ext *:BAD>NORM,SOCC *:BAD>RUN,NORM,SOCC 
Peak Torque CYCL>NORM,80CC 
(BWR %) 
Flex *:BAD>80CC,N0RM N.8. 
Peak Torque N.S. •:RUN>BAD 
Ratio 
Ext *:BAD>NORM *:BAD>SOCC’NORM 
TAE 
(Joules) Flex •:BAD,RUN>NORM *:BAD,RUN>NORM 
Ext *:BAD>RUN.80CC.N0RM *:CYCL>RUN,80CC.N0RM 
Total Work BAD>SOCC,NORM 
(Joules) RUN>NORM 
Flex *:BAD,RUN>NORM ‘:RUN,BAD,SOCC>NORM 
Ext *:CYCL>BAD,RUN,80CC,NORM *:CYCL>RUN,BAD.SOCC.NORM 
Endurance 
Ratio Flex N.S. N.S. 
Ext •: BAD>RUN, 80CC, NORM * :CYCL>RUN,80CC, NORM 
Average CYCL>RUN,SOCCNORM BAD>SOCC,NORM 
Power 
(Watte) Flex »: BAD, RUN, CYCL>NORM *:RUN,BAD,CYCL,SOCC>NORM 
Work Ratio N.S. N.8. 
Table 4.9 Sports comparison results of knoe extension and flexion test 
at slow speed (60 dog/seo). ‘ 
NON-DOMINANT DOMINANT 
SIDE SIDE 
Ext N.S. *:CYCL,BAD>N0RM 
Peak Torque 
(Nm) Flex *:RUN,SOCC>NORM *:nUN>NORM,GlYM 
Ext N.S. *;OYCL>NORM,SOCC 
Peak Torque BAD>N0RM,80CC 
(BWR%) 
Hex N.S. N.S. 
Peak Torque N.S. ^:SOCC>QYM 
Ratio 
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Table 4.10 Mean (standard deviation) Cybex results ot 
dominant side ankle plantar flexion and dorslflexlon 
test at slow speed (60 deg/sec). 
___ gpo 町 8 
— 一 i o c c NORM" 
(n-6) (n-7) (n-10) (n«26) 
Plan 112.3 84.3 100.0 69.9 
Peak Torque (23.2) (14.6) (18.9) (18.6) 
(Nm) 
Dors 28.7 29.6 31.3 30.6 
(6.6) (4.0) (6,3) (5.7) 
Plan 178.2 142.6 169.8 161.3 
Peak Torque (30.5) (22.1) (23.1) (27.8) 
(BWR%) 
Dors 46.0 50.9 51.1 52.6 
(9.6) (6.4) (12.3) (10.2) 
Peak Torque 25.8 36.6 32.4 36.0 
Ratio (4.2) (8.8) (8.7) (9.7) 
Table 4.11 Mean (standard deviation) Cybex results of 
non-dominant elde an kid plantar flexion and dorslfidxion 
test at Blow speed (60 deg/sec). 
SPORTS 
CYCL Q ^ SOCC NOFWT 
(n«6) (n«7) (n-10) (n-25) 
Plan 109.7 83.6 104.9 93.0 
Peak Torque (19.6) (19.9) (19.4) (18.8) 
(Nm) 
Dora 24.8 29.9 34.4 30.2 
(4.2) (4.3) (5.7) (4.8) 
Plan 173.3 141.7 168.1 166.6 
Peak Torque (19.9) (36.0) (26.0) (26.7) 
(BWR %) 
Dors 40.0 51.1 56.1 61.6 
(6.2) (3.0) (9.3) (8.0) 
< 
Peak Torque 23.3 37.7 34.0 33.8 
Ratio (3.8) (8.7) (7,5) (7.1) 
70 
Table 4.12 Mean (standard deviation) Cybox results of 
dominant side ankle plantar flexion and dorelflexlon 
test at fast speed (180 deg/soo). 
CYCL G ^ 80CC NORM 
(n«6) (n-7) (n«10) (n«*25) 
Plan 49.7 36.7 43.9 40.3 
Peak Torque (12.3) (7.8) (13.5) (9.4) 
(Nm) 
Dors 15.0 18.6 IB. 7 16.0 
(5.0) (2.7) (6.3) (4.4) 
Plan 79.0 63.3 70.2 68.2 
Peak Torque (18,0) (13.6) (18.8) (13.8) 
(BWR%) 
Dors 24.6 29.0 26.0 27.0 
(7.6) (2.6) (9.7) (7.4) 
Peak Torque 30.3 47.7 36.3 41.6 
Ratio (6.7) (10.5) (10.3) (10.8) 
Plan 11.0 9.2 9.8 9.2 
TAE (2.3) (1.5) (2.3) (2.1) 
(Joules) 
Dors 4.2 4.6 4.6 4.1 
(1-3) (0.6) (1.7) (1.1) 
Plan 536.2 414.7 620.6 397.7 
Total Work (158.9) (107.9) (204.5) (147.0) 
(Joules) 
Dors 161.3 209,7 197.4 166.6 
(83.5) (39.3) (103.8) (83.8) 
Plan 42.7 64.6 53.1 39.6 
Endurance (12.2) (8.3) (11.3) (10.1) 
Ratio 
Dore 34.7 56.4 43.8 34.6 
(21.5) (7.5) (19.6) (13.3) 
Plan 67.2 63.6 64.8 46.0 
Average (19.3) (12.9) (23.3) (16.3) 
Power 
(Watts) Dors 19.8 26.6 24.6 19.8 
(10.6) (4.4) (12.0) (9.6) 
Work Ratio 28.3 62.4 37.3 42.6 




Table 4.13 Mean (standard deviation) Cybex results of 
non-dominant side ankle plantar flexion and dorelflexion 
teet at fast speed (180 deg/seo). ‘ 
8POPJT8 
CYCL Q ^ SOCO NORRT 
(n^.6) — ( n - 7 ) (n-10) (n-2S) 
Plan 46.7 39.7 42.9 41,2 
Peak Torqu® (10.3) (7.0) (11.0) (10.1) 
(Nm) 
Dors 13.3 17.0 17.3 15.1 
(3.6) (2.2) (3.9) (3;3) 
Plan 73.7 68.1 69.2 69.1 
Peak Torqu© (12.7) (13.3) (16.0) (12.9) 
(BWn %) 
Dors 21.8 30.1 28.6 26.4 
(4.8) (5.0) (6.1) (5.7) 
Peak Torque 29.3 44.3 42.6 38.6 
Ratio (3.6) (2.6) (9.9) (6.6) 
Plan 10.2 9.9 9.7 9.0 
TAE (2.3) (1.4) (1.6) (2.1) 
(Joulee) 
Dors 3.8 6.1 4.6 3.7 
(1.2) (0.6) (1.1) (1.0) 
Plan 493.3 411.6 481.2 413.4 
Total Work (153.6) (163.6) (174.8) (161.0) 
(Joulee) 
Dors 131.2 222.9 208.1 166.2 
(59.2) (49.3) (69,9) (69.7) 
Plan 43.8 47.0 63.0 37.0 
Endurance (13.1) (7.8) (9.3) (11.6) 
Ratio 
Dors 33,3 65.4 4 ^ 0 33.3 
(18.3) (9.3) (14.6) (12.8) 
Plan 62.0 62.1 60.6 4 8 J 
Average (18.6) (16.3) (18.6) (17.9) 
Power 
(Watts) Dors 16.0 28.1 26.4 17.9 
(7.0) (4.2) (9.4) (7.7) 
Work Ratio 26.2 57.3 47.3 38.8 
(7.0) (9.9) (16.6) (12.2) 
• 
72 
Table 4.14 Bilateral comparison results of ankle plantar flaxlon 
and dorslflexlon test at fast sp«ed (180 dsg/seo). 
SPORTS 
——CYCL ^ Y M 80CC NORM 
(n»6) (n-7) (n-10) (n-25) 
Plan N.S. N.S. N.8. N.S. 
Peak Torque 
(Nm) Dors N.S. N.S. N.S. N.S. 
Plan N.S. * : N>D N.S. N.S. 
Peak Torqua 
(BWR %) Dors N.S. N.S. N.S. N.S. 
Peak Torque N.S. N.S. N.S. N.S. 
Ratio 
Plan N.S. N.S. N.S. N.S. 
TAE 
(Joules) Dors N.S. N.S. N.S. N.S. 
Plan N.S. N.S. N.S. N.S. 
Total Work 
(Joules) Dors N.S. N.S. N.S. N.S. 
Plan N.S. N.S. N.S. N.S, 
Endurance 
Ratio Dors N.S. N.S. N.S. N.S. 
Average Plan N.S, N.S. N.S. N.S. 
Power 
(Watte) Dors N.S. N.S. N.S. N.S. 
Work Ratio N.S. N.S. N.S. N.S. 
Table 4.15 Bilateral oomparlaon results of ankle plantar flaxion 
and dorslflexlon test at slow speed (60 deg/sAo). 
— 8PORT8 
~ C Y C L Q ^ SOCO NORM 
(n-e) (n«7) ( r r l O ) (n-25) 
Plan N.S. N.S. N.S. N.8. ' 
Peak Torque 
(Nm) Dore • : D>N N.S. * : N>D N.S. 
Plan N.S. N.S. N.S. N.S. 
Peak Torque 
(BWn%) DortJ * : D > N N.S. • : N>D N.S. 
Peak Torque N.S. N.S. N.S. N.8. 
Ratio 
73 
Table 4.16 Sports comparison results of ankle plantar flexion 
and dorslflexlon test at fast speed (100 deg/seo). 
—— NON-DOMINANT DOMINANT 
SIDE SIDE 
Plan N.S. N.8. 
Peak Torque 
(Nm) Dors N.S. N.8. 
Plan N.S. N.S. 
Peak Torque 
(BWR %) Dore N.S. N.S. 
Peak Torque *:QYM,SOCC,NORM>CYCL »:GlYM>CYCL 
Ratio 
Plan N.S. Ni8. 
TAE 
(Joulee) Dors *:QYM>NORM N.S. 
Plan N.S. N.S. 
Total Work 
(Joulee) Dors N.S. N.S. 
Plan ^ S O C O N O R M •:QYM,80CC>N0RM 
Endurance 
Ratio Dore *:QYM>CYCL,NORM *:<3YM>NORM 
Plan N.S. N.S. 
Average 
Power 
(Watts) Dors *:QYM,80CC>N0nM N.S. 
Work Ratio ^QYM,80CC>CYCL N.S. 
QYM>NORM 
Table 4.17 Sports comparison results of ankle plantar flexion 
and dorslflexlon test at slow speed (60 deg/seo). 
NON-DOMINANT DOMINANT 
SIDE SIDE 
Plan N.S. N.6. ^ 
Poak Torque 
(Nm) Dor， •:80CC>CYCL N.S. 
Plan N.S. N.S. 
Peak Torque 
(BWR%) Dora *:SOCC,NORM>CYCL N.6. 
Peak Torqu© •:QYM,NORM>CYCL 
Ratio 
74 
Table 4.18 Mean (standard devlatlon)Cyb«x results of dominant 
side shoulder extension and flexion test at slow speed 
(60 deg/sec). 
-
SWIM WHEEL NORM 
(n« l1) (n-6) (n«4) (n«30) 
Ext 96 106 90 67 
Peak Torque (15) (22) (32) (13) 
(Nm) 
Flex 64 64 72 48 
(11) (12) (24) (8) 
Ext 166 148 - 116 
Peak Torque (26) (17) - (22) 
(BWn %) 
Flex 101 90 - 83 
(17) (10) - (14) 
Peak Torque 66 61 82 72 
Ratio (10) (6) (11) (8) 
Table 4,19 Mean (standard deviatlon)Cybex results of non-dominant 
side shoulder extension and flexion test at slow 8p««d 
(60 deg/seo). 
B ^ SWIM WHEEL NORM 
(n«11) (n_6) (n«4) (n»30) 
Ext 73 103 88 60 
Peak Torque (18) (18) (34) (14) 
(Nm) 
Flex 69 68 72 46 
(10) (10) (22) (8) 
Ext 116 144 - 104 
Peak Torque (30) (23) - (23) 
(BWR %) 
Flex 95 82 - 79 
(16) (14) - (14) 
Peak Torque 77 57 83 77 
Ratio (9) (6) (13) (9) 
75 
Table 4.20 Mean (standard devlatlon)Cybex results of dominant 
6ldo shoulder extension and flexion test at fast spo«d 
(240 ddg/seo). 
— — i 入 ^ M wHiit NORM" 
(n-11) ( f rS ) (n_4) (n-30) 
Ext 68 84 72 46 
Peak Torque (11) (21) (24) (10) 
(Nm) 
Flex 47 49 47 33 
(8) (12) (11) (7) 
Ext 108 l i e - 77 
Peak Torque (17) (16) - (17) 
(BWR %) 
Flex 73 69 68 
(12) (12) - (12) 
Peak Torque 69 69 69 76 
Ratio (12) (6) (16) (13) 
Ext 26,65 29.77 24.96 18.22 
TAE (3.46) (6.80) (6.36) (4.07) 
(Joulee) 
Flex 22.19 22.79 22.13 16.76 
(3.16) (6.02) (4.86) (3.60) 
Ext 2307 3571 2756 1266 
Total Work (544) (1409) (770) (391) 
(Joules) 
Flex 1837 2092 1754 1128 
(322) (666) (398) (302) 
Ext 59 80 64 47 
Endurance (9) (9) (6) (10) 
Ratio 
Flex 70 73 57 66 
(0) (12) (5) (10) 
Ext 147 207 170 84 
Average (31) (66) (60) (28) 
Power 
(Watte) Flex 114 122 107 76 
(20) (34) (24) (21) 
Work Ratio 79 60 66 92 
(14) (10) (11) (21) 
• — I . t 
* 
76 
Table 4.21 Mean (standard dovlatlon) Cybex results of 
non-dominant side shoulder extension and flexion tost 
at fast speed (240 deg/sec). 
8PORT8 
“ i y ^ S ^ WHEEL N O R r F 
(n-11) (n»6) (n-4) (n � 30) 
Ext 50 78 66 38 
Peak Torque (6) (19) (21) (11) 
•<Nm) 
Flex 42 43 65 30 
(6) (12) (22) (7) 
Ext 81 109 - 66 
Peak Torque (13) (21) - (19) 
(BWR %) 
Flex 68 60 - 53 
(11) (12) - (13) 
Peak Torque 85 55 84 83 
Ratio (8) (11) (12) (14) 
Ext 20.76 27.67 28.07 16.66 
TAE (2.37) (4.68) (12.68) (4.08) 
(Joules) 
Flex 20.93 20.37 23,16 14.78 
(3.16) (4.97) (6.23) (3.58) 
Ext 1733 3266 2447 1037 
Total Work (325) (1008) (626) (351) 
(Joules) 
Flex 1687 1665 1722 1011 
(294) (439) (262) (304) 
Ext 59 78 73 47 
Endurance (7) (10) (12) (14) 
Ratio 
Flox 65 68 62 63 
(6) (9) (6) (11) 
Ext 106 189 163 70 
Average (20) (52) (63) (26) 
Power 
(Watte) Flex 98 96 112 68 
(18) (25) (28) (22) 
Work Ratio 92 62 72 102 
(6) (12) (8) (23) 
77 
Table 4.22 Bilateral comparison reeults of shoulder extenilon and 
flexion test at fast speed (240 deg/seo). 
— SPORTS 
BAD WHEEL NORM 
(n«11) (n»6) (n-4) <n-30) 
Ext ‘ :D>N N.S. N.S. • :D>N 
Peak Torque 
(Nm) Flex 、D>N *:D>N N.S. *:D>N 
--
Ext *:D>N N.S. - •:D>N 
Peak Torque 
(BWR %) Flex N.S. *:D>N - *:D>N 
Peak Torque *:N>D N.S. N.S. *:N>D 
Ratio 
Ext *:D>N N.S. N.S. *:D>N 
TAE 
(Joules) Flex N.S. *:D>N N.S. *:D>N 
Ext *:D>N N.S. N.S. *:D>N 
Total Work 
(Joules) Flex *:D>N *:D>N N.S. *:D>N 
Ext N.S. N.S. N.S. N.S. 
Endurance 
Ratio Flex N.S. N.S. N.S. N.8. 
Ext *:D>N N.S. N.S. *:D>N 
Average 
Power 
(Watts) Flex •:D>N •:D>N N.S. *:D>N 
Work Ratio *:N>D •:D>N N.S. 、N>D 
Table 4.23 Bilateral comparison resulte of ehoulder extonelon and 
flexion test at slow speed (60 deg/sec). 
Spo 町 g 
B ^ ^ SWIM WHEEL NORM 
( r r l l ) (n-5) (n-4) (n»30) 
« 
Ext •:D>N N.S. N.S. *:D>N 
Peak Torque 
(Nm) Flex N.S. •:D>N N.S. • :D>N 
Ext ‘ :D>N N.S. - ‘ :D>N 
Peak Torque 
(BWR%) Flex N.S. • :D>N - •:D>N 
Peak Torque *:N>D N.S. N.S. *:N>D 
Ratio 
78 
Table 4.24 Sports comparison results of shoulder extension and flexion test 
at fast speed (240 deg/sec). 
— — D O M I N A N T , 
SIDE 8 1 ^ 
Ext *:SWIM,WHELL,BAD>N0RM •:8WIM,WHEEL,BAD>NORM 
Peak Torque SWIM>BAD 
(Nm) 
Flex *:WHEEL,BAD>NORM * :SWIM, WHEEL, BAD>NORM 
Ext *:SWIM>BAD.NORM *:8WIM,BAD>NORM 
Peak Torque 
(BWR%) Flex *:BAD>NORM ^BAD>NORM 
Peak Torque *:BAD,WHEEL,NORM>8WIM N.8. 
Ratio 
Ext AWHEEL,SWIM,BAD>N0RM *:8WIM,BAD>N0RM 
TAE 
(Joules) Flex ‘ : WHEEL, BAD,8WIM>NORM •:8WIM,BAD,WHEEL>NORM 
Ext *:SWIM.WHEEL.BAD>NORM •:8WIM.WHEEL,BAD>NORM 
Total Work 8WIM>BAD SWIM>BAD 
(Joules) 
Flex WHEEL. SWIM, BAD>NORM •.SWIM,BAD,WHEEL>NORM 
Ext * :SWIM .WHEEL, BAD>NORM *:SWIM.WHEEL.BAD>NORM 
Endurance SWIM>BAD 
Ratio 
Flex •:SWIM,BAD>NORM ^SWIM,BAD>NORM 
Ext * SWIM,WHEEL,BAD>NORM •:SWIM,WHEEL,BAD>NORM 
Average SWIM,WHEEL>BAD SWIM>BAD 
Power 
(Watts) Flex •.WHEEL,BAD>NORM •:8WIM,BAD>NORM 
Work Ratio *:NORM.BAD>SWIM ^NORM>SWIM 
NOnM>WHEEL 
Table 4.25 Sports comparleon results of shoulder extension and flexion test 
at elow speed (60 deg/sec). 
NON-DOMINANT DOMINANT . 
SIDE SIDE 
Ext •:SWIM>BAD,NORM *:8WIM,BAD>NORM 
Peak Torque WHEEL>NORM 
(Nm) 
nex *:WHEEL,BAD>N0RM *:WHEEL3AD.8WIM>N0RV 
Ext *:SWIM>NORM ':BAD,8WIM>NORM 
Peak Torque 
(BWR%) Flex •:BAD>NORM *:BAD>NORM 
P«ak Torque •.WHEEL,BAD,N0RM>8WIM ':WHEEL>BAD,8WIM 
Ratio 
79 
Table 4.26 Mean (standard devlatlon)Cybex results of dominant 
Bide shoulder horlzonal abduotlon and adduction test at 
slow speed (60 deg/sec). , 
QYM SWIM NORM 
(n_7) (n»S) (n«28) 
Abd 68 69 61 
Peak Torque (14) (17) (9) 
(Nm) 
Add 73 84 65 
(20) (20) (13) 
Abd 115 96 87 
Peak Torque (18) (13) (14) 
(BWR%) 
Add 123 117 03 
(26) (24) (18) 
Peak Torque 96 83 96 
Ratio (17) (11) (16) 
Table 4.27 Mean (standard clevlation)Cybex results of non->dominant 
8ld« ehouldar horizontal abduction and adduction tost at 
slow «peed (60 deg/seo). 
QYM SWIM NORM 
(n«7) (n»6) (n-28) 
Abd 68 67 48 
Peak Torque (13) (17) (8) 
(Nm) 
Add 77 84 64 
(12) (28) (14) 
Abd 114 93 81 
Peak Torque (16) (11) (13) 
(BWR %) 
Add 129 116 90 
(11) (32) (18) 
Peak Torque 88 83 92 < 
f^at 丨 o (11) (14) (14) 
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Table 4.28 Mean (standard devlatlon)Cybex results of dominant 
side shoulder horizontal abduction and adduction test 
at fast speed (240 deg/sec). 
g p O R T S 
Q ^ SWIM NORM 
(n«7) (n«5) (n«28) 
Abd 46 47 31 
Peak Torque (12) (11) (8) 
(Nm) 
Add 66 69 40 
(17) (22) (12) 
Abd 76 65 64 
Peak Torque (IB) (7) (14) 
(BWR %) 
Add 93 95 67 
(21) (22) (17) 
Peak Torque 86 71 82 
Ratio <24) (9) (16) 
Abd 19.61 19.03 13.42 
TAE (3.63) (4.60) (3.10) 
(Joules) 
Add 27.18 27.73 18.31 
(4.30) (7.66) (4.24) 
Abd 1470 1662 903 
Total Work (544) (521) (309) 
(Joules) 
Add 1660 1988 1041 
(489) (777) (380) 
Abd 76 77 62 
Endurance (18) (21) (10) 
Ratio 
Add 76 69 52 
(12) (12) (12) 
Abd 107 122 64 
Average (47) (34) (22) 
Power 
(Watte) Add 120 156 74 
(46) (62) (27) 
Work Ratio 89 79 91 




Table 4.29 Moan (standard deviation)Cybex results of non-dominant 
side shoulder horizontal abduction and adduction test . 
at fast speed (240 deg/seo). 
Q ^ ^ M NORM 
(n»7) (n-5) (n»28) 
Abd 42 44 29 
Peak Torqu© (15) (16) (7) 
(Nm) 
Add 64 61 36 
(14) (22) (10) 
Abd 70 61 49 
Peak Torque (18) (12) <11) 
(BWR%) 
Add 89 86 69 
(17) (23) (16) 
Peak Torque 81 74 86 
Ratio (27) (16) (16) 
Abd 18.71 19.26 12.20 
TAE (4.76) (6.86) (2.64) 
(Joules) 
Add 24.72 26.68 16.96 
(3.97) (7.79) (4.01) 
Abd 1380 1408 863 
Total Work (462) (494) (236) 
(Joules) 
Add 1793 1891 973 
(616) (638) (341) 
Abd 71 79 63 
Endurance (10) (7) (11) 
Ratio 
Add 68 82 66 
(11) (12) (9) 
Abd 92 139 61 
Average (39) (66) (18) 
Power 
(Watts) Add 117 162 73 
(45) (60) (28) 
Work Ratio 78 76 90 
(12) (7) (27) 
< 
82 
Tablo 4.30 Bllatoral comparison results of shoulder horizontal abduction 
and adduction test at fast spoad (240 deg/sec). 
_ _ — SPORTS 一 
‘ (n»7) (n«5) (n«28) 
Abd N.S. N.S. ‘ : D>N 
Peak Torque 
(Nm) Add N.S. * : D>N * : D>N 
Abd N.S. N.S. * : D>N 
Peak Torque 
(BWR %) Add N.S. * : D>N * : D>N 
Peak Torque N.S. N.S. N.S. 
Ratio 
Abd N.S. N.S. * : D>N 
TAE 
(Joules) Add N.S. * : D>N * : D>N 
Abd N.S. * : D>N N.S. 
Total Work 
(Joules) Add N.S. N.S. N.S. 
Abd N.S. N.S. N.S. 
Endurance 
Ratio Add N.S. N.S. N.S. 
Average Abd N.S. N.S. N.S. 
Power 
(Watte) Add N.S. N.S. N.S. 
Work Ratio N.S. N.S. N.S. 
Table 4.31 Bllatoral comparison results of shoulder horizontal abduction 
and adduction test at elow speed (60 deg/seo). 
SPORTS 
S ^ NORM 
(n«7) (n-5) (n*28) , 
Abd N.S. N.S. * ： D>N 
Peak Torque 
<Nm) Add N.S. N.S. N.S. 
Abd M.S. N.S. • ： D>N 
Peak Torque 
(BWR %) Add N.S. N.8. N.S. 
Peak Torque N.S. N.S. N.S. 
Ratio 
83 
Table 4.32 Sporta oomparleon rosulte of shoulder horlzonal abduction 
and adduction test at fast speed (180 deg/8«o). 
— D O M I F I ^ DOMINANT “ 
SIDE StDE 
Abd *:8WIM.QYM>NORM *:8WIM.QYM>NORM 
Peak Torque 
(Nm) Add •:SWIM.QYM>NORM *:8WIM,QYM>NORM 
Abd »:QYM>NORM ':QYM>NORM 
Peak Torque 
(BWR %) Add *:QYM,8WIM>NORM *:8WIM,QYM>N0RM 
Peak Torque N.S. N.8. 
Ratio 
Abd *:SWIM,QYM>NORM *:QYM.8WIM>NORM 
TAE 
(Joules) Add *:SWIM,QYM>NORM *:8WIM.QYM>NORM 
Abd *:SWIM,QYM>NORM ':8WIM«QYM>NORM 
Total Work 
(Joules) Add *:SWIM.QYM>NORM ^8WIM,QYM>NORM 
Abd •:SWlM>NORM ':QYM>NORM 
Endurance 
Ratio Add *:SWIM.QYM>NORM ':QYM.8WIM>NORM 
Abd *:SWIM,QYM>NORM *:8WIM.QYM>NORM 
Average SWIM>QYM 
Power 
(Watts) Add *:SWIM,QYM>NORM ':8WIM,QYM>N0RM 
Work Ratio N.S. N.S. 
Table 4.33 Sports comparison results of shoulder horlzonal abduction 
and adduction teet at slow speed (60 dog/seo). 
J^ONIDOMINANT DOMINANT “ 
SIDE SIDE 
Abd ^QYM.SWIM>NORM *:8WIM,QYM>NORM 
Peak Torque » 
(Nm> Add •:SWIM.QYM>NORM ^8WIM.QYM>N0RM 
Abd •:QYM>8WIM.NORM *:QYM>NORM 
Peak Torquo 
<BWR%) Add ^QYM.8WIM>N0RM *:<3YM>NORM 
Peak Torque N.S. m o 
Ratio N‘S. 
84 
Table 4.34 Moan (standard devlatlon)Cybex results of dominant 
side elbow extension and flexion test at slow eptad 
(60 deg/sec). 
SPORTS 
— — norm 
(n—> (n-29) 
Ext 62 39 
Peak Torquo (20) (12) 
- - (Nm) 
Flex 46 30 
(14) (8) 
Ext - 67 
Peak Torque (18) 
(BWR%) 
Flex - 67 
(12) 
Peak Torque 108 100 
Ratio (16) (21) 
Table 4.35 Mean (standard devlatlon)Cybex results of non-dominant 





Ext 47 37 
Peak Torquo (23) ( l i ) 
(Nm) 
Flex 44 36 
(10) (6) 
Ext 63 
Peak Torque ( IT j 
(BWR%) 
Flex - 60 
(10) 
Peak Torque 105 103 
Ratio (28) (19) 
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Table 4.36 Mean (standard deviation)Cyb«x reeults of dominant 





Ext 40 23 
Peak Torque (13) (6) 
(Nm) 
Flex 34 26 
(10) (6) 
Ext - 40 
Peak Torque (10) 
(BWn%) 
Flex - 46 
(10) 
Peak Torque 121 91 
Ratio (34) (16) 
Ext 12.73 8;86 
TAE (4.11) (1.68) 
(Joules) 
Flex 10.42 10i39 、 
(3.11) (1.98) 
Ext 1391 606 
Total Work (484) (228) 
(Joulee) 
Flex 932 620 
(348) (192) 
Ext 73 60 
Endurance (17) (12) 
Ratio 
Flex 61 69 
(17) (13) 
Ext 106 47 
Average (33) (17) 
Power 
(Watte) Flex 70 49 
(23) (16) 
Work Ratio 153 94 
(28) (21) 
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Table 4.37 Mean (standard deviation)Cybex results of non-dominant 
side elbow extension and flexion test at fast tpeed 
(240 deg/seo). 
gpo 町 g 
WHEEL NORM 
(n-4) (n«29) 
Ext 34 23 
Peak Torque (14) (6) 
(Nm) 
Flex 33 23 
(7) (6) 
Ext - 39 
Peak Torque (6) 
(BWn%) 
Flex - 39 
(10) 
Peak Torque 100 103 
Ratio (23) (16) 
Ext 11.18 8.56 
TAE (4.76) (1.72) 
(Joules) 
Flex 10.15 9.36 
(2.34) (2.07) 
Ext 1117 643 
Total Work (226) (197) 
(Joules) 
Flex 001 640 
(136) (101) 
Ext 72 66 
Endurance (13) (16) 
Ratio 
Flex 47 66 
(12) (16) 
Ext 86 43 
Average (23) (16) 
Power 
(Watts) Flex 61 42 
(12) (16) 





Table 4.38 Bilateral comparison results of elbow extension and flexion 
_ at fast speed (240 deg/seo). 
N O ^ WHEEL 
Ext N.S. * : D>N 
Peak Torque 
(Nm) Flex * : D>N N.S. 
Ext N.S. -
Peak Torque 
(BWR%) Flex * ： N>D -
Peak Torque * : N>D N.S. 
Ratio 
Ext N.S. N.S. 
TAE 
(Joule®) Flex • ： D>N N.S. 
Ext • : D>N N.S. 
Total Work 
(Joules) Flex * : D>N N.S. 
Ext N.S. N.S. 
Endurance 
Ratio Flex N.S. N.S. 
Average Ext N.S. N.S. 
Power 
(Watts) Flex • : D>N N.S. 
Work Ratio • ： N>D N.S. 
Table 4.39 Bilateral comparison results of elbow extentlon and flaxlon 
test at slow speed (60 deg/sec). 
8PORT8 
NORM WHEEL 
“ — . < 
EXT N.8. N.8 
Peak Torque ' ‘ 
<Nm) Flex • : D>N N.S. 
Ext N.S. . 
Peak Torque 
(BWR%) Flex • : d > N ^ 
Peak Torque N.8. MQ 
Ratio 
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Table 4.40 Sports comparison reoults of elbow extension and flexion 
tost at fast speed (180 deg/seo). 
日而 : P Q “而仏"；p domINA^ 
SIDE 8 1 ^ 
Ext VWHEEL>NORM *:WHEEL>NORM 
Peak Torque 
(Nm) Flex *:WHEEL>NOnM *:WHEEL>NORM 
Peak Torque N.S. •:WHEEL>NORM 
Ratio 
Ext *:WHEEL>NORM •:WHEEL>NORM 
TAE 
(Joules) Flex N.S. N.S. 
Ext •:WHEEL>NORM ':WHEEL>NORM 
Total Work 
(Joules) Flex »:WHEEL>NORM *:WHEEL>NORM 
Ext N.S. N.S. 
Endurance 
Ratio Flex N.S. N.8. 
Average Ext *:WHEEL>NORM *:WHEEL>NORM 
Power 
(Watts) Flex •:WHEEL>NORM •:WHEEL>NORM 
Work Ratio *:WHEEL>NORM •:WHEEL>NORM 
Table 4.41 Sports comparison results of elbow extension and flexion 
test at 8low speed (60 deg/seo). 
~ — NON-DOMINANT DOMINANT 
- SIDE SIDE 
Ext N.S. N.8. 
Peak Torque 
(Nm) Flex *:WHEEL>NORM *:WHEEL>NonM 




5.1 THE INTERPRETATION AND APPLICATION OF RESULTS 
5.1.1 KNEE EXTENSION AND FLEXION 
(A) Bilateral comparison : 
Swimming and distance running require swim-
mers and distance runners to continuously and 
rhythmically contract and relax both knees， mus-
cles during training and competition, and the load 
for both knees is about the same. Therefore, it 
is normal for the athletes in these two sports not 
to have statistically significant bilateral dif-
ference (p>0.05) (Table 4.6 & 4.7). 
The dominant side extensors of cyclists 
tested in this investigation generated signifi-
cantly higher peak torque, total work and average 
power than the non-dominant side (p<0.05) 
(Fig.5.1). LaFortune et al (71) tested cyclists 
and stated that right and left asymmetries were 
found in total force applied, work done and pedal 
angle. The mean work asymmetry was found to be 
4.3%. They suggested that style improvements in 
these cyclists might be in order. Although the 
bike could still travel forward, as the cyclists 
possessed such bilateral differences, the biking 
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Fig.5.1 Peak torque, total work and average power of the 
knee extensors of eye lists. 






TOTAL WORK 隱 二 識 
(JOUHM) 
DOMINANT SIDE DOMINANT SIDE 
6846 霧 I P 
NON-DOMINANT SIDE NON-DOMINANT SIDE 
5709 222 
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efficiency would be lowered. As the dominant and 
non-dominant legs provide different force (domi-
nant side higher and non-dominant side lower) on 
the pedals, the bike will go in an accelerating 
and decelerating cycle and a lot of energy will be 
wasted. Therefore, muscle training and changing 
biking style to get the muscles of both knee 
joints to be similar or identical may be good for 
Hong Kong cyclists. 
The statistically significant bilateral 
differences found in the badminton players and 
gymnasts might be related to their habitual empha-
sis on one extremity during the game (Table 4.6 & 
4.7). Most of the athletes involved in these two 
sports have a tendency to have a preferred domi-
nant leg for jumping, lunging and running. The 
preference may lead to asymmetry in strength of 
the knee extensors and flexors. Few studies have 
been done to assess bilateral muscle asymmetry. 
Perrin (53) found no peak torque bilateral differ-
ence in the test of knee extension and flexion in 
swimmers, pitchers and non athletes. More re-
searches must be done to identify such asymmetry 
in these sports. 
Most of the knee muscle measures of soccer 
players did not show bilateral differences (Table 
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4.6 &4.7). These were consistent with Oberg et al 
(2)， Rochcognar et al (72) and Rhodes et al (73). 
They provided strong evidence that the strength 
capability of soccer players were similar in both 
legs. But in a study conducted by Kramer and 
Balsor (74), the dominant leg of intercollegiate 
soccer players produced significantly greater peak 
torques than the non-dominant leg, while the 
recreational athletes produced similar torques 
with both legs. If the strength imbalance ob-
served in their study was related to performance, 
then soccer athletes in Hong Kong might not get 
enough stress from the competition and training to 
make them get such knee muscle asymmetry. But 
further study is required to determine whether the 
tendency toward strength asymmetry in soccer 
players may be sample-specific. 
It is unclear why control group had stronger 
dominant knee flexor at slow speed (Fig.5.2), but 
stronger non-dominant knee extensor at high speed 
(Fig.5.3). Wyatt and Edwards (63) determined that 
bilateral torque values of the knee extensors, 
differed significantly in male subjects but not in 
female subjects. Hageman et al (75) found no 
difference in absolute torque production between 
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Fig.5.2 Peak torque of the knee extensors of control group. 
PEAK TORQUE (Nm) 
200 j ' 
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i t l 
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Fig.5.3 Peak torque of the knee flexors of control group. 
PEAK TORQUE (Nm) 
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the preferred and non-preferred leg. Lucca and 
Kline (76) found no difference in torque produc-
tion between the left and right legs or between 
the preferred and non-preferred leg. Therefore, 
the knee muscles asymmetries for control group 
tested in this investigation may be sample-specif-
i c. 
Although certain significant bilateral dif-
ferences were found in some groups, the non-domi-
nant to dominant difference was within 10% differ-
ence (Appendix II), which is frequently considered 
to reflect normal strength variation between the 
extremities. The 10% difference has been suggest-
ed as an appropriate criterion for returning to 
activity in a knee rehabilitation program (59). 
But Lucca and Kline (76) suggested that undergoing 
knee rehabilitation might be dependent on the 
non-dominant to dominant torque difference ap-
proaching 3%. 
(B) Sports comparison : 
For the H:Q ratio, this ratio generated from 
the isokinetic testing can be used to assess an 
athlete,s muscular strength imbalance. The ratio 
of antagonist to agonist muscle groups (hamstring 
to quadriceps) is used to determine ipsilateral 
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muscle imbalance. Extreme deviation from this 
ratio has been associated with predisposition to 
injury (61, 77). 
In a normal limb， the H:Q ratio lies between 
50-70% (59, 62， 78, 79, 80, 81). H:Q ratio varies 
in different angles of movement of the knee. H:Q 
ratio also varies with the speed of the knee 
motion (23, 59). As the speed of knee movement 
increases, the H:Q ratio of the normal knee in-
creases . Moreover, gravity will affect measured 
torque and significantly alters the hamstriixg to 
quadriceps ratio (61). The range of H:Q ratio 
measured at 60 deg/sec, with non-gravity corrected 
can be ranged from 72% (63) to 50% (12， 78). 
Appen and Duncan (58) found that gravity corrected 
and uncorrected gravity hamstrings to quadriceps 
ratios were significantly different at all veloci-
ties of knee extension and flexion exercise. The 
hamstring-quadriceps ratio (H:Q) for sprinting and 
endurance athletes (N=20) were 0.64 and 0.54 with 
non-gravity corrected and gravity corrected re-
spectively (measured at 60 deg/sec)； 0.79 and 0.60 
with non-gravity corrected and gravity corrected 
respectively (measured at 180 deg/sec). Schlink-
nmn (82) suggested to set the ideal H:Q ratio at 
50 to 55% with gravity effect measured at 60 
deg/sec, instead of 60% measured at 60 deg/sec. 
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Fig.5.^ Dominant side hamstring / quadriceps peak torque 
rat i o (measured at 60 deg/sec). 
H;Q PEAK TORQUE RATIO 
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Fig.5.5 Dominant side hamstring / quadriceps peak torque 
ratio (measured at 180 deg/sec). 
H;Q PEAK TORQUE RATIO 
70| 
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In this investigation the H:Q peak torque 
ratio at 60 deg/sec for all groups ranged 48-6^% 
(Fig.5.4), and at 180 deg/sec, the H:Q ratio range 
� w a s 51-64% (Fig.5.5). According to results, with 
the exception of gymnasts, the H:Q ratios (meas-
ured at 60 deg/sec) of athletes and control group 
were within the ideal range. 
The H:Q ratios of athletes and normal young 
adults, measured at 180 deg/sec were similar to 
their H:Q ratios measured at 60 deg/sec. Scudder 
(83) concludes that H:Q ratio did not change as 
the exercise speed change, but several other 
studies suggested that H:Q peak torque ratio rose 
significantly and bilaterally as the test speed 
increased (38, 61, 62, 63, 84) and the authors 
suggested that knee flexors apparently play a 
greater role in muscular balance at higher speed, 
while at slow speeds the quadriceps were the more 
dominant muscle. Fillyaw et al (68) studied the 
importance of correcting isokinetic peak torque 
for the effect of gravity when calculating knee 
flexor to extensor muscle peak torque ratio. They 
found that if isokinetic measurements were uncor-
reeled for GET (gravity effect torque) at fast 
isokinetic speeds, quadriceps femoris torque would 
decrease more than hamstring torque. Uncorrected 
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quadriceps femoris peak torque decreased by 48% 
and uncorrected hamstring peak torque decreased by 
only 40% at the fast isokinetic test speed (2^0 
deg/sec). This resulted in a significant increase 
in H:Q ratio from 0.67 (at 60 deg/sec) to 0.79 (at 
240 deg/sec). Correcting for gravitational torque 
in measuring hamstring and quadriceps femoris peak 
torque yielded different results. Increasing 
isokinetic speed produced a 43% decrease in gravi-
ty corrected quadriceps femoris peak torque, but a 
46% decrease in corrected hamstring peak torque. 
This resulted in a significant decrease from 0.54 
(at 60 deg/sec) to 0.51 (at 240 deg/sec) in the 
H:Q ratio. Therefore, it is not a must for the 
H:Q peak torque ratio to increase as the testing 
speed is increasing. Gravity effect was correct-
ed, in the present study, the H:Q peak torque 
ratio measured at 180 deg/sec was similar to the 
H:Q peak torque ratio measured at 60 deg/sec. 
According to Fillyaw et al (68), the H:Q peak 
torque ratio result of different groups in this 
study might be in the ideal range, but more re-
searches must be done in this area. 
According to test results, sports that in-
volved more running should have more developed 
flexors. Therefore, the H:Q ratio of marathon 
runners and soccer players were higher than other 
99 
test groups (Fig.5.4 & 5.5). 
Kunz (85) and Warser (86) stated that the 
runner,s speed was created more by a powerful hip 
extension than by a knee extension. Because of 
the importance of hip extension to running, they 
suggest that training programs require increase 
focus on the muse 1es on the back of the leg. 
According to Luchtenberg (87), to prevent injury 
and to enhance propulsion, it is essential that 
both the front and back of the thigh muscular 
system receive equal attention. 
Gilliam et al (88) and Rankin and Thomas (84) 
concluded that H:Q peak torque ratio varied by 
position in high school football. Appen and 
Duncan (58) found that the hamstring to quadriceps 
peak torque ratio for sprinters and endurance 
runners was significantly different at high veloc-
ity (300 deg/sec) and they conclude that there is 
no fixed hamstring to quadriceps ratio at all 
velocities that is appropriate for most competi-
tors in the different sport. Therefore, the ideal 
H:Q ratio for different sports may be different. 
Comparative with other sports, knee extension 
and flexion peak torques of male gymnasts, meas-
ured at slow speed were low and similar to the 
normal adults respectively (Table 4.2 & 4.3). 
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These may be due to the fact that gymnasts 
stressed upper body strength more than the lower 
body (34, 42) and therefore they resulted in low 
knee muscle strength. Moreover, gymnastics re-
quires considerable Jumping and short sprinting 
and will therefore have their extensors develop-
ment even greater in comparison to their knee 
flexors. Thus, H:Q peak torque ratio for the 
gymnasts was the lowest in compare with other 
groups (Fig.5.4). Additional strength training to 
the knee muscles, especially the knee flexors may 
be important for them. 
Henriksson and Bonde-Peterson (89) found that 
quadriceps muscle was recruited proportionally to 
the changes in body's oxygen uptake during cy-
cling. Over a wide range of pedaling intensities, 
the work of quadriceps muscle was proportional to 
the total work of cyclists. The knee extensors of 
cyclists are important in providing powerful 
stroke to propel the pedal. Therefore, it is 
reasonable for the knee extensors of cyclists to 
score high in peak torque, torque acceleration 
energy (TAE), total work and average power meas-
ures in this study (Table 4.8 & 4.9). 
On the other hand, both knee flexion and 
extension are important in the production of force 
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at different times in pedal cycle. As the pedal 
moves down past the peak power phase, quadriceps 
and gluteus maximums shut off, and both ham-
strings ,semimembranosis and biceps femoris become 
dominant, and bring the pedal up again (90,91). 
The flexers of cyclists, in this study, generated 
peak torque values similar to the results collect-
ed from control group (Table 4.8 & 4.9). There-
fore , it seems that the development of knee 
flexors is not good enough and more training for 
knee flexors may be advisable. 
Badminton is a sport which required very 
quick movements and athletes must develop quick 
responses and must be high in strength, power and 
endurance. During competition, the athletes, 
knees are usually in a flexed position and when 
hitting the ball, they require explosive and 
quick starting movements for jumping and stop-
ping which result in high stress to knee muscles. 
Therefore, they have very strong knee extensors 
and the explosive power of badminton players, knee 
extensors is significantly higher than other sport 
groups (p<0.05) (Table 4.8 & 4.9). On the other 
hand, explosive power for cyclists may not be very 
important and their results in knee extensor's TAE 
were comparatively lower than badminton athletes 
(Fig.5.6). 
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Fig.5.6 Knee extensor torque acceleration energy (TAE) 
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Soccer was the sport for which all the muscu-
lar characteristics being tested were about the 
same (no significant difference) with control 
group (p>0.05) (Table 4.8 & 4.9). Knee extensors 
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of soccer athletes are confined to kicking, 
running, stop ping, jumping and controlling the 
ball. Modern day soccer is a dynamic game featur-
ing 90 minutes of non-stop, fast paced activity. 
It is an extremely physically demanding game which 
requires a high degree of technical skill, 
strength, endurance, speed and agility and it was 
concluded that successful soccer players showed 
higher value in the lower extremity muscle 
strength than average soccer players (73, 74 , 92, 
93). Therefore, the physical stress from training 
and competition might be quite low to induce any 
kind of significant muscle change for Hong Kong 
soccer athletes, and intensive muscle strength 
training for Hong Kong athletes is very important 
to change their physique in order to compete with 
other countries‘ soccer teams. 
Swimmers need great muscular force for fast 
propulsion through the water and they should 
develop leg extension strength in the leg kicking 
action in the water. But in comparison with other 
test groups, their knee muscles strength were not 
significantly higher (p>0.05) (Table A.8 k 4.9). 
These may indicate that they need to work harder 
to develop their knee muscles strength. 
Compared with other countries, isokinetic 
104 
knee extension and flexion results (Table 5.1), 
the normal young adults tested in this investiga-
tion got lower results than the young adults from 
other countries (63, 94). These may be due to the 
differences in genetic make up and life style. If 
such differences are extrapolated to different 
sport athletes, Hong Kong athletes may scored 
lower isokinetic test results when compared with 
the respective sports from other countries. 
According to the results gathered in this 
investigation, only certain sports had lower 
scores in comparison with other countries‘ ath-
letes, some sports (e.g. cycling and distance 
running) had higher torque generating capabi1i-
ties than other countries‘ athletes. Therefore, 
Hong Kong elite athletes, in comparison with other 
countries, do not necessarily have lower musele 
strength and power. 
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Table 5.1 Knee extension and flexion peak torque results from other studies. 
Knee Author Country Sport Unit Speed Ext Flex 
Morris USA Distance Nm 60 deg/seo 179.8 117.6 
et al. running (22.5) (17.51) 
(59) Nm 180 deg/sec 119.6 89.6 
(20.3) (14.7) 
Thomas USA Distance Nm 60 deg/sec 169 111 et al. running (26) (15) (51) 
Telford Aust Cycling Nm 60 deg/sec 194.9 111.2 
et al. Gymnastics Nm 60 deg/sec 139.4 85.4 
(95) Swimming Nm 60 deg/sec 211.7 116.7 
Li China Cycling Nm/Kg 60 deg/sec 312 174 
et al. xlOO (33) (17) 
(15) 180 deg/sec 212 143 
(16) (14) Soccer 60 deg/sec 310 160 
(33) (19) 
180 deg/sec 201 113 
(19) (14) 
Oberg Sweden Soccer Nm 180 deg/sec 162 124 
et al. (4.9) (4.0) 
(94) Norm Nm 180 deg/sec 149 103 
(4.5) (4.3) 
Oberg USA Soccer Nm 180 deg/sec 182 
？》)al. (23) 
Wyatts USA Norm Nm 60 deg/sec 183 130 
” ， (31) (23) (bJJ Nm 180 deg/sec 132 102 (19) (19) 
Poulmedis Greek Soccer Nm/Kg 180 deg/sec 175 et al. XlOO (24) 
(20) ^ ^ 
Poulmedis Greek Soccer Nm/Kg 180 deg/sec 126 93 
？ X I O � (26) (23) 
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5.1.2 ANKLE PLANTAR AND DORSI FLEXION 
(A) Bilateral comparison : 
Bilateral comparison, research found that 
the left side plantar flexor's strength and 
dorsi-flexor‘s strength were significantly higher 
than those for right side (96, 97). In general, 
there was no significant bilateral difference for 
subjects being tested in this study (p>0.05) 
(Table 4.14 & 4.15). Bilateral differences could 
only be found in three sport groups but not in 
control group. Tippett (47) performed isokinetic 
evaluation of pitchers, at slow and fast speeds, 
revealed significant bilateral differences in the 
strength of dorsi-flexors, which he suggested was 
the result of the pitching mechanism. Therefore, 
such sports specific bilateral difference for the 
three sport groups may reflect specific require-
merits of a particular sport, e.g. gymnasts were 
significantly higher in plantar flexion in non-
dominant side as they had the non-dominant side to 
start jumping (p<0.05). 
Cyclists had significantly stronger dominant 
side dorsi-flexors. According to the same princi-
ple about the bilateral differences of the knee 
extensor stated above (CHAPTER V, SECTION 5.1.1), 
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such bilatere 1 difference of the ankle dorsi-
f1exors may lower the efficiency of pedaling. 
(B) Sports comparison : 
Fugl-Meyer (30) found that the ankle 
p1 antar-flexion isokinetic peak torque of the 
young athletic subjects whose competitiveness 
demands plantar flexion strength, was significant-
ly greater than those of sedentary, non-athletic 
subjects, 
In this project, normal young adults .were 
significantly lower only in the endurance ratio 
when compared to elite athletes (Table 16). 
This result may imply that intensive training in 
the three sports tested here could improve ankle 
muscle endurance significantly only. The physical 
demand for the ankle plantar and dorsi-f1exor of 
Hong Kong athletes from competition and training, 
may not be high enough to produce significant 
increase in ankle muscle strength than normal 
people. 
The reason for most of the parameters tested 
in this project did not indicate significant 
differences between different groups might be due 
to the small sample size of the three sport groups 
肌d the low training effect on the athletes, ankle 
muscle. 
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As the trend of ordering was symmetrica 1 for 
both sides and consistent for different parameters 
in the same musele group, this trend could act as 
a mean to reveal certain muscular characteristics 
of these three sports. The plantar flexors of 
eye lists were the highest in peak torque, TAE, TW, 
and AP measures (Table 4.10 & 4.11 & 4.12 & 4.13). 
The stronger plantar flexors assist them to push 
the foot pedal continuously and to oppose the 
ankle's tendency to flex upward as the foot exerts 
power on the pedal (90). 
Gymnasts and soccer players had better devel-
opment of dorsi-flexers at peak torque, TAE, TW, 
and AP measures. Moreover, the higher peak torque 
ratio and work ratio could improve their ankle 
stability when they were jumping, landing and 
running while cyclists need not do that (Fig.5.7 & 
& 5.9). Morris (59) note that the 
hamstring/quadriceps ratio may be specific to the 
demands put on the athlete by the sports in which 
they compete. Therefore, a balance development of 
plantar flexors and dorsi-flexers is also impor-
tant for the athletes in sports which involve 
mostly running and jumping. 
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Fig.5.7 Ankle dorsiflexion / plantar flexion peak torque 
ratio (measured at 60 deg/sec). 
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Fig.5.8 Ankle dorsiflexion / plantar flexion peak torque 
ratio (measured at 180 deg/sec)-
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Fig.5.9 Ankle dorsiflexion / plantar flexion total work 
ratio (measured at 180 deg/sec). 
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Nowadays, prescribed foot and ankle exercises 
are 1imited to various type of "heel raise". 
These similar plantar flexion exercises stress the 
often overdeveloped posterior muscles of calf 
(plantar flexors), producing increased muscular 
imbalance. The successful conditioning program 
will prescribe exercise that produce a balance of 
muscular strength at the foot, ankle and all of 
the body's joints (98). 
5.1.3 SHOULDER EXTENSION AND FLEXION 
(A)Bilateral comparison : 
For the control group, they had nearly all 
tested parameters with the dominant side scored 
significantly higher results than the non-dominant 
side, except shoulder flexor to extensor peak 
torque and work ratios, and endurance ratio (Table 
4.22 & �.23). Perrin et al (53) also found that 
for shoulder extension test (tested at 60 and 180 
deg/sec), peak torque value was greater for the 
right side than left side for non-athletes, and 
they suggest that neuromotor dominance have an 
effect on the difference in peak torque between 
right and left sides of the body for upper extrem-
ity peak torque measures. Otis et al (99) demon-
I l l 
strated that differences in shoulder flexion 
torques exist during isometric contractions at 0 
deg and 90 deg, with the dominant shoulder produc-
ing greater torques than the non-dominant side. 
On the other hand, Connelly Maddus et al (31) 
found that isokinetic peak torques produced by an 
individual's dominant and non-dominant shoulder 
musculature did not differ significantly. Howev-
er , the TAE and the endurance ratio did suggest 
that a statistically significant difference might 
exist between the muscular performance of an 
individual‘s dominant and non-dominant shoulder. 
Ivey and Calhoun (100) reported no significant 
difference between dominant and non-dominant 
shoulder (shoulder extensor and flexor, shoulder 
internal and external rotation, shoulder abductor 
and adductor) peak isokinetic torque measured at 
60 and 180 deg/sec on 31 normal volunteers. 
The shoulder extension peak torques for both 
dominant and non-dominant sides of control group 
in the present study were comparatively lower than 
the results reported by Perrin et al (53) (domi-
nant side: 86Nm, and non-dominant side: 82Nin) 
(Table 4.18 & 4.19). The inconsistency of upper 
extremity bilateral difference and muscle strength 
might be due to the difference in population being 
tested. 
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Badminton players had more pronounced bilat-
era1 difference, especially in extension movement. 
The non-dominant to dominant difference was up to 
28% (Appendix II), in comparison with only 17% 
non-dominant to dominant difference for control 
group. The upper body musculature utilized in 
badminton is predominantly one-sided, therefore 
their dominant side, especially the extensor had a 
significantly higher strength, higher endurance 
capabilities and quicker action in this study, 
i.e. high in TAE. All these revealed the muscular 
characteristics of badminton and have been stated 
in the discussion of knee extension and flexion 
test. These result in hypertrophy of the dominant 
limb and associated musculature, and make the 
shoulder non-dominant to dominant difference of 
the badminton players 10% higher than the normal 
young adults. The contradiction of only one set 
large muscle group originating on the vertebrae 
may significant cause alignment changes in a 
typical asymmetrical badminton player. A strength 
training program establishing a balance in muscu-
lar development may alleviate the potential prob-
lem (101). 
The dominant side flexors of swimmers scored 
significantly higher results in all tested parame-
ters than the non-dominant side (p<0.05) (Table 
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4.22 & 23). These may due to the fact that 
during breathing in swimming, they have their 
faces facing the dominant side while the shoulder 
is in flexion condition. This will result in the 
shoulder f1exors of dominant side work lasting 
longer and stronger in the air than non-dominant 
side, The number of parameters for swimmers that 
had significant bilateral differences were less in 
comparison with badminton players, and no signifi-
cant difference was found in wheelchair athletes. 
The athletes who participated in swimming and 
wheelchair racing produced quite high results in 
the non-dominant side in comparison with badminton 
players. This may imply that the muscle that have 
more involvement in the sporting movement will 
generate higher results in the isokinetic test. 
This confirm with the sensitivity of the isoki-
netic testing to reveal the muscular training 
effect. 
The shoulder flexion/extension peak torque 
ratio was significantly higher in the non-dominant 
side for control group and badminton group 
(p<0.05) (Fig.5.10). These two groups had many 
parameters in which the dominant side scored 
higher than the non-dominant side； i.e. they did 
not stress their non-dominant side shoulder fre-
quently. Studies (49, 56, 101, 102) were done to 
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Fig.5.10 Shoulder flexion / extension peak torque ratio 
of badminton team. 
measured at 6Ode0/80o 









compare pitchers‘ throwing arms to their non-
dominant arms and the results revealed that the 
shoulder rotators strength ratio significantly 
decreased in the pitchers‘ throwing arms, signal-
ing a greater disparity in external and internal 
rotators when compared to their non-throwing 
arms. They explained that there might be an 
imbalance in training of the two rotators in the 
act of pitching. Failure to submit muscle groups 
to similar degrees of stress might result in a 
muscle imbalance. With the increased muscle 
rotation asymmetry, the external rotators might 
have decreased their capability of providing 
adequate protection to the unstable glenohumera1 
joint from the abnormal stresses of pitching. The 
repeated microtrauma to the joint may result in an 
overuse, over-demand injury. The incidence of 
shoulder injury may be reduced if pitchers partic-
ipate in strength training programs specifically 
design to increase shoulder external rotation 
strength. Under the same principle, the physical 
stress from the general life work, training and 
competition, on the dominant side shoulder exten-
sor was higher than on the dominant side shoulder 
flexors of control group and badminton group. 
Muscle strength training to improve the shoulder 
flexors on dominant side, and raise the shoulder 
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flexion to extension peak torque ratio to the 
level of the non-dominant, may be needed. 
(B) Sports comparison : 
The comparison was concentrated on dominant 
side. Normal young adults scored the lowest 
isokinetic test result and some of these were 
significantly lower in comparison with other sport 
groups (p<0.05) (Table 4.24 k Reilly et al 
(103) state that swimmers need great muscular 
force and anaerobic power for fast propulsion 
through the water, and in swimming, the skeletal 
muscles work to overcome drag, and resistance of 
the water on the body, and movement of the limbs 
is highly stressed. Bloomfield et al (104) state 
that extension strength at the shoulder joint 
provides the majority of the propulsive force in 
all the swimming strokes. These statements were 
confirmed by Chinese Sports Science professionals 
(105). They found that the force generating 
ability of shoulder extensors of the national 
swimmers were significantly higher than the aver-
age swimmers, and the swimming time results had a 
significant negative correlation with shoulder 
extensor strength (p<0.05). Hong Kong elite 
swimmers, shoulder extension peak torques were 
significantly higher than the Australian well 
trained swimmers‘ shoulder extension peak torque 
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(measured at 60 deg/sec and 240 deg/sec) (p<0.05) 
(106). This showed that Hong Kong elite swimmers, 
shoulder musele groups had acquired a good specif-
ic training effect. These were confirmed with the 
fact that nearly all the muscular characteristics 
investigated in this study, had the swimming group 
be the highest scores group (Table 4.24 & 4.25). 
But in comparison with the other two groups, the 
differences were not statistically significant 
(p>0.05). Therefore, badminton players and wheel-
chair athletes must possess similar high muscle 
qualities to satisfy the specific requirement of 
their sports. 
Badminton is a sport require quick movements 
and the athletes must develop quick responses and 
must be high in strength, power and endurance. 
The ability to exert muscular force at a high 
speed is a vital characteristic of racquet sports. 
Stewart (107) states that the ability to generate 
force with the racquet especially when reversing 
the direction of a fast moving ball is highly 
dependent on the strength of the muscles. 
Liu (108) also claimed that increasing muscle 
strength and the height of attacking the shuttle-
cock were important to increase the speed of 
shuttlecock. Shoulder extensors and flexors play 
118 
an important role in the serve and overhead ac-
tion , therefore, these muscle groups must be 
strong for these athletes. 
A number of authors (109, 110) have reported 
a significant relationship between habitual physi-
cal activity and upper body isometric strength in 
male paraplegic athletes. Positive correlations 
have been observed between the peak torque of 
shoulder extension and flexion and the wheelchair 
force generation of disabled adults (111). The 
peak torque ratio for both sides in the slow speed 
test (Fig.5.11) and in non-dominant side at high 
speed test, was significantly higher for wheel-
chair racing athletes (p<0.05). Therefore, the 
shoulder flexors of wheelchair athletes play an 
important role in pushing the wheels of wheel-
chairs. Grimby (110) states that the shoulder 
flexors are probably one of the muscle groups 
being greatly used in wheelchair competition. In 
conclusion, the strength training for the shoulder 
flexors and extensors is important for wheelchair 
athletes and the test results showed that the 
wheelchair athletes had acquired such specific 
muscular requirement. 
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Fig.5.11 Shoulder flexion / extension peak torque ratio 
(measured at 60 deg/sec). 
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Swimmers scored the highest values in total 
work, endurance ratio and average power (Table 
i.e. they had a high shoulder muscle endur-
ance capability. In training and competition 
swimmers produce more powerful strokes within a 
certain time interval when compare with the other 
two sports. 
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5.1.4 SHOULDER HORIZONTAL ABDUCTION AND ADDUCTION 
(A) Bilateral comparison : 
As the result stated, fewer parameters from 
shoulder horizontal abduction and adduction move-
ment test showed bilateral differences when com-
pared with the test results of shoulder extension 
and flexion for control group (Table 22 & 4.23 & 
4.30 & 4.31). The non-dominant to dominant dif-
ference for control group in the test of shoulder 
extension and flexion was 1一17% (Appendix II), 
which was higher than the extent of non-dominant 
to dominant difference for this group in the test 
of shoulder horizontal abduction and adduction 
(1-12%). This may imply that the dominant side 
shoulder horizontal abductors and adductors are 
not heavily engaged in general daily life activi 
ties as the shoulder extensors do. 
Bilateral comparison results of swimmers 
were similar to their results in the movement test 
of shoulder extension and flexion. They have a 
tendency to rely on the dominant hand. The sig-
nificantly better dominant shoulder horizontal 
adductor may be related to the breathing style 
also. 
When gymnasts do the rings, parallel bars, 
floor and single bar, most of the time, they are 
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using both hands. Therefore, the physical stress-
es on both shoulders are about the same. This 
characteristic is revealed in the test results, as 
no isokinetic bilateral difference was found in 
the male gymnasts (p>0.05), 
(B) Sports comparison : 
Generally control group was the lowest group 
in test scores (Table 4.32 k 4.33), but as stated 
above (Chapter IV , Section 4.1), the body weight 
of swimming group was significantly higher, than 
control group. If body weight factor was taken 
into account, only the shoulder horizontal adduc-
tor peak torque (BWR%) (measured both at 60 
deg/sec and 240 deg/sec) of swimming group was 
significantly higher than control group (p<0.05). 
In the test of shoulder extension and flexion, 
swimmers, shoulder extension peak torques (both 
absolute and body weight relative value), were 
significantly higher than control group result, 
but the flexion peak torques were significantly 
higher than control group only in absolute peak 
torque value. This may indicate that shoulder 
extensors and horizontal adductors are more impor-
tant for the sport of swimming than the antagonist 
muscle groups. 
In comparing horizontal abductor to adductor 
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peak torque and work ratios, no significant dif-
ference was found for the three groups being 
tested (Table ^.32 k �.33). Differences of activ-
ities , including general life activities and 
strenuous exercise training, will change and 
alter the work capacity and generating torque 
capability of shoulder horizontal abductors and 
horizontal adductors in the same extent, and make 
the peak torque and work ratios of these two 
muscle groups similar. Therefore, the balance of 
these two muscle groups is very important in any 
kind of activities and the deviation from the 
stated range (peak torque ratio： 83-96% at 60 
deg/sec and 71-85% at 240 deg/sec； work ratio 75-
91%) (Fig.5.12 & 5.13), may suggest the stability 
of the shoulder is decreasing. But more studies 
must be done to identify clearly the safe peak 
torque ratio and work ratio range. 
Bale and Goodway (42) said that male gymnasts 
would have great emphasis upon strength and explo-
sive power, and especially for the upper body ； 
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i.e. male gymnasts have a we 11 developed muscula-
ture particularly in the shoulders, arms and 
trunk. Trifonov (34) stress that, because of the 
nature of the sport (many slow motion activities), 
male gymnasts may be good in strength at slow 
speed and also good in muscle endurance. Gymnas-
tics group together with swimming group scored 
significantly higher values than control group in 
nearly all parameters in this movement test (Table 
4.32 & ^.33). This showed that the muscle 
strength power and endurance capabilities of the 
athletes in these two sports had improved to suit 
the requirement of their particular sports. Sta-
tist 1ca1ly speaking, there were no differences in 
the results, except the peak torque body weight 
ratio between the two sports. Therefore, the 
physical requirements for the shoulder horizontal 
abduction and adduction muscle groups are about 
the same. For the peak torque body weight ratio, 
gymnasts scored higher than swimmers and statist!-
cally higher result could be found in the non-
dominant side shoulder horizontal abduction meas-
ure (p<0.05). The muscle strength requirements 
for gymnasts may be higher than swimmers and 
strength training of shoulder muscles for gymnasts 
seems to be important. 
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5.1.5 ELBOW EXTENSION AND FLEXION 
(A) Bilateral comparison ； 
Similar to the results in shoulder extension 
and flexion test, no bilateral difference was 
found in wheelchair racing group, except in the 
dominant side elbow peak torque (Table 4.38 & 
�•39). These results confirm once again that 
wheelchair racing place equal stress on two arms, 
and training and competition will increase the 
muscle strength, power and endurance capabilities 
of both sides elbow muscles. All these changes 
can be identified by isokinetic muscle test. 
For the control group, only the elbow flexors 
resulted in a significant bilateral difference. 
This shows that in the general life activities, 
elbow flexors on the dominant side are stressed 
more. These results correlate well with the 
general life activities. 
In the bilateral comparison for all movement 
tests, only one parameter had no significant 
bilateral difference in each of the tested groups 
(p>0.05), that parameter was endurance ratio. 
Statistically significant bilateral differences 
could be found in all the other tested parameters 
and such differences correlated well with muscle 
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involvement in the sport and general life activi-
ties . These may imply that the endurance ratio is 
less sensitive on the muscle training effect. 
Musele training can improve the muscle torque 
generating capabilities, work capacities and 
muscle power, but have less significant effect on 
the relative musele endurance. In sports compari-
son , the endurance athletes, e.g. cyclist had 
significantly higher endurance ratio than general 
young adults as well as some other sport groups 
(Table 4,8). These mean that there is individual 
difference in musele endurance ratio, but such 
differences may be more genetically determined. 
Thorstensson and Karlsson (112) studied a group of 
ten sedentary men, and a positive correlation 
(r=0.86) was found between the (100%- endurance 
ratio) (knee extension movement) and the percent-
age of fast twitch fibers within the vastus lat-
eralis . In comparison, the correlation between 
the percentage of FT fibers an athlete had in the 
knee extensor muscles and the maximal torque 
produced were lower (r=0.48 and 0 .50) (113， 114). 
Similar correlations were found between percentage 
of FT fibers and the speed of muscle contraction. 
In the studies of human muscle's slow twitch 
(ST) and fast twitch (FT) fibers, there is agree-
ment that the two categories do not change their 
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relative proportions as a result of training； only 
their size and oxidative capacities improve (6). 
The percentage of the two fiber types present in 
the various muscles of one person may be quite 
different, the fiber type (with respect to fast or 
slow twitch) for any one muscle is established 
early in life and probably does not change there-
after (115, 116). 
Therefore, endurance ratio in different test 
movements is a significant factor in identifying 
endurance type or non-endurance type athletes and 
this ratio may be useful in talent identification. 
More studies must be done to define the suitable 
range of endurance ratio, in different movement 
test, and for different sports. 
(B) Sports comparison : 
Davis (117) found that less active wheelchair 
users displayed significantly poorer isokinetic 
peak torque, peak power, average power, and work 
at all joint-specific velocities compared to 
wheelchair athletes when observing movements of 
shoulder extension and flexion, and elbow exten-
sion and flexion, and shoulder abduction and 
adduction. Similar results were found in the 
present study. Wheelchair athletes had signifi-
cantly better result than control group in nearly 
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al1 isokinetic measures (p<0.05), except the slow 
speed elbow extensor peak torque measure, elbow 
flexion TAE measure and endurance ratio for both 
extensors and flexors (Table ^.40 & 4.�1). Ac-
cording to Davis' results (117) , it is presumed 
that wheelchair athletes have significantly higher 
results in all the test parameters. Therefore, 
muscle training to build up the elbow extensor's 
slow strength and explosive power of the elbow 
flexor may be good for Hong Kong wheelchair racing 
athletes, in order to improve their racing result. 
5.2 THE DISCREPANCY OF THE CYBEX TEST 
Although the isokinetic test is an objective, 
reliable and reproducible test, the Cybex isokinetic 
dynamometer has certain limitations. They include the 
following : 
(A) Adaptation discrepancy 
Isokinetic is an unnatural movement because the 
speed is constant. Muscles have to ,learn, to perform 
it well. Therefore, subjects must have enough trials 
on the isokinetic dynamometer before each test. Usual-
ly five submaximal repetitions are good enough for the 
muscle to adapt to such movement pattern, but some 
subjects may be required to do more repetitions before 
they can familiar with the test. The tester must teach 
the subjects how to move with the isokinetic dynamome-
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ter. 
(C) Fixation discrepancy 
Although the Cybex system includes two to three 
R 
Vel cro straps "to fix subjects on "the test chairs or 
the UBXT, they can still rotate their trunk or move the 
other parts of the body, and such movements may inter-
fere the test results. Therefore, testers must use 
their hands to stabilize the subject's body. It is 
difficult to stop unwanted body movements. 
(C) Unstandardized verbal encouragement 
(D) Position of testing not natural 
Usually tested athletes complained that the awk-
ward movement was not natural to their sports. 
(E) No eccentric control 
5.3 THE METHODOLOGY 
5.3.1 CONTROL OF SUBJECTS 
(A) ATHLETE GROUPS ： 
Because the athletes participating in this 
study were restricted to Hong Kong National team 
members during the year of testing, the number of 
athletes in each sport was quite small. For 
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example, only four athletes were in wheelchair 
racing group. Therefore, each athlete contributed 
greatly to the group mean. Although testing time 
was arranged in the mid-season of each sport 
group, the physical condition, psychological 
condition and fitness level might be different. 
Such differences might interfere with the test 
scores. Therefore, more testing for more subjects 
must be done to identify clearly their specific 
muscular characteristics. Statistical modeling is 
one of the methods of using the limited elite 
athletes data to build up some models to describe 
the specific physical and physiological character-
istics of different sports. This is a study to be 
followed in Sports Science Department of Hong Kong 
Sports Institute. 
(B) NORMAL YOUNG ADULT GROUP 
Subjects in control group came from a wide 
range of faculty. Half of them were high school 
students. Although none of them had received any 
of regular sports training, some of them (n=5) 
were very active, they exercised two or three days 
per week. Ten of them seldom exercised, and 15 of 
them performed in average one to two hours exer-
cise per week. Therefore control group represent-
ed a group of people with large spectrum of fit-
ness level. 
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5.3.2 THE CONTROL OF THE DOMINANT LOWER EXTREMITY 
The criteria for determination of a dominant 
leg in this study was a direct extrapolation from 
hand dominance i.e. the side of handwriting (63, 
97, 118, 119, 120, 121). 
However studies have been done to question 
whether or not there is indeed a preferred or 
dominant leg. Wyatt and Edwards (63) determined 
that torque value differed significantly in male 
subjects but not in their female subjects. Hager-
nmn et al (122), however found no difference in 
the absolute torque generated between the pre-
ferred and non-preferred leg. Lucca and Kline 
(76) found no difference in torque production 
between the left and right leg or between the 
preferred and non-preferred leg. They also stated 
that any determination on an experimental limb by 




The isokinetic test results support the hypothesis 
of this project that muscular characteristics of elite 
ma 1e athletes of different sports measured isokineti-
ca1ly were different among" the sports that had been 
tested. The quantified results were listed in Chapter 
IV for reference. 
According to the results, muscle characteristics 
for sport groups were listed and certain specific 
training suggest ions were given to particular sport. 
In the knee extension and flexion test, there 
was no significant (p>0.05) bilateral difference 
for the sports of distance running and swimming. 
The dominant knee extensors of cyclists scored 
significantly higher results in peak torque, total 
work and power measures. In such a case, they 
provided different force on the left and right 
pedals and a lot of energy was wasted, as the bike 
traveled in an accelerating and decelerating 
cycle. Cyclists were suggested to train up their 
non-dominant knee muscle groups. The H:Q peak 
torque ratio (60deg/sec) for all test groups were 
lay between 48-64%. Sports that involved more in 
running, scored higher results in H:Q peak torque 
ratio. As hamstring play an important role in 
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running mechanism, muse 1e training for hamstring 
is important for sports that involved more in 
running. 
The knee extensors of cyclists and both knee 
extensors and flexers for distance runners, had 
higher torque generating capabilities than other 
countries‘ athletes. Therefore, Hong Kong ath-
letes do not necessarily have lower muscle 
strength and power than other countries, athletes. 
The badminton players, had very strong knee exten-
sors and flexors, but it was also important to 
train up their muscle power of the knee extensors. 
Cyclists often stressed on knee extensors training 
but ignored their knee flexors, as their knee 
flexors generated similar results in comparison 
with control group. Therefore, knee flexors 
training for them was important. Soccer athletes 
scored similar results with control group in 
nearly all measures, so their fitness level was 
questionable. 
In the ankle plantar and dorsi flexion test, 
sport groups scored significantly higher results 
than control group only in endurance ratio meas-
ure. Therefore, more emphasize on ankle muscles 
training was important for Hong Kong elite ath-
letes . In comparison with sport groups results, 
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the plantar flexors of cycling team scored the 
highest in peak torque, total work and power 
measures, while gymnastics and soccer teams had 
better scores in dorsi flexors. Therefore, dorsi-
flexors strength training cannot be ignored for 
the sports that involve more in jumping and run-
ning. 
Badminton players had more pronounce bilater-
al differences in the shoulder extension and 
flexion test, especially in extension movement, 
than control group. The contradiction of only one 
set large muscle group originating on the verte-
brae may significantly cause alignment changes in 
a typical asymmetrical badminton players. There-
fore , training on their non-dominant shoulder 
extensors and flexors might be good for them. 
Moreover, the non-dominant side shoulder flexion 
to extension peak torque ratio was higher than the 
dominant side shoulder result for badminton play-
ers. In such circumstances, the stability of the 
shoulder joint might be lowered. Training to 
improve their shoulder flexors on dominant side 
shoulder might be needed. 
The dominant shoulder extensors and flexors 
of swimmers, wheelchair athletes and badminton 
players scored significantly higher results than 
control group. Accordingly the shoulder extensors 
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and flexors torque generating capability might be 
important for these three sports. Moreover, 
gymnasts in shoulder horizontal abduction and 
adduction test, and wheelchair athletes in elbow 
extension and flexion test also scored signifi-
cantly higher results than control group. 
The test results correlate well with the muscle 
involvement and requirement in the sporting movement 
and general life activities. Some sports (e.g. swim-
ming and cycling) might get highly specific muscle 
training effect, as their test results were higher than 
other countries‘ national athletes. As only a small 
number of athletes participated in this investigation, 
larger scale investigation must be done to identify the 
isokinetic muscular characteristics among different 
sports. In addition, more studies can be done to 
evaluate the training methods suggested in this study 
for particular sport group, whether these methods are 
effective in improving their sport performance? 
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APPENDIX I 
INFORMED CONSENT FOR A CYBEX MUSCLE TEST 
INTRODUCTION 
The objective of this research is to find out what are the muscular 
characteristcs of the Hong Kong elite male athletes. According to the past 
findings' 3 hypothesis can be made for the Hong Kong elite athletes who 
participate in isokinetic muscle test. 
i) The muscular characteristics are different among the athletes because 
of different sporting events. 
ii) The muscular characteristics of each sporting event will reflect the 
specific characteristics and requirement of that particular sporting event. 
iii) The specific muscular characteristics will contribute to the success of 
the athletes in each sporting event. 
The sports that are going to be compared are badminton, soccer, squash, 
distance running and cycling. In addition to compare the testing results 
within these sports, comparison with the normal, healthy and young 
people are also crucial for this project (to see the differences between the 
elite athletes and the normal people). Therefore, your contribution is very 
helpful and important. 
EXPLANATION OF THR CYBEX TRST 
You are required to come to the the Human Performance Laboratory of 
the Jubilee Sports Centre for twice. In each time of your visit, you will 
perform a muscle test on the Cybex 11+ isokinetic testing machine. In each 
muscle test, you will perform three movemet (e.g. Knee 
extension/flexion. Shoulder extension/flexion etc.). In each movement, 
you need to do 5 repetitions at slow speed to test your muscle strength and 
do 25-50 repetitions at fast speed to test your muscle endurance and power. 
In each repetition, you must exert all your effort. Totally, 6 movement or 
muscle groups will be tested in 2 sessions of visit. 
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INFORMED CONSENT FOR A CYBEX MUSCLE TRS r 
且 have read this form and I understand the test procedures that I will 





Do you have any major trauma, injury or have done any surgery on your 
major joints or muscle group within three years? Yes/No 
If YES, which joints have problems : 
and what are the problems ； 
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APPENDIX I I 
Calculation of non-dominant to dominant difference : 
ABvS ( 100 一 (non-dGminant / dominant side results) * 100} 
APPENDIX III 
The antagonistic muscle group and agonistic muscle group in each test movement. 
Movement ANTAONSITIC AGONISTIC 
MUSCLE GROUP MUSCLE GROUP 
Knee 
Extension/Flexion Flexors Extensors 
Shoulder 
Extension/Flexion Flexors Extensors 
Shoulder Horizontal Horizontal Horizontal 
Abduction/Adduction Abductors Adductors 
Elbow 
Extension/Flexion Extensors Flexors 
Ankle Plantar 
Flexion/Dorsiflexion Dorsiflexors Plantar flexors 
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APPENDIX II 
Picture List : 
Picture 1 : Cybex 11+ isokinetic testing system. 
2 : Dynamometer. 
3 : Speed selector. 
4 : Remote control of speed selector. 
5 : Cybex Data Reduction Computer (CDRC). 
6 : Dual channel recorder. 
7 : Upper body exercise table (UBXT). 
8 : Accessories for different test. 
9 : Alignment of the dynamometer shaft with 
the axis of knee extension and flexion 
movement. 
10: Alignment of the dynamometer shaft with 
the axis of ankle dorsif1exion and 
piantar flexion movement. 
11: Alignment of the dynamometer shaft with 
the axis of shoulder extension and 
flexion movement. 
12: Alignment of the dynamometer shaft with 
the axis of shoulder horizontal 
abduction and adduction movement. 
13: Alignment of the dynamometer shaft 
with the axis of elbow extension and 
flexion movement. 
14: Testing movement of knee extension and 
flexion. 
15： Testing movement of ankle dorsiflexion 
and plantar flexion movement. 
16: Testing movement of shoulder extension 
and flexion. 
17: Testing movement of shoulder horizontal 
abduction and adduction. 
18: Testing movement of elbow extension and 
f1exion. 
19: Subject height and weight measuring. 
20: Subject performing warm up on Monark 
bike. 
21: Subject performing stretching. 
22: CDRC result slip. 
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